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Chicago’s New Filtration Plant 


Here in the Chapman plant, ready to undergo searching hydro- 
static tests, are a few of the eighty 42’’ Chapman Iron Body Gate 
Valves built for the new South Side Filtration Plant of the City 
of Chicago. For this great modern plant, subject to the most in- 
tensive operating requirements, Chapman supplied a total of 180 
Iron Body Gate Valves, in sizes from 36” to 54”. 


And every one of these Chapman Valves can be depended upon 
to give uniformly dependable service throughout long years to 
come...to do their part to uphold the City’s high standards of 
public utility service...and to hold down the long-term public 
investment in equipment of this type. 


COMPLETE CHAPMAN LINE-UP 
in the new Chicago Filtration Plant 
80— 42” Iron body valves, cylinder operated. Installed on wash water 
drain lines 
80 — 30” ditto— used as influent valves 
4— 42" and 4— 54” Iron body motor operated gate valves used as pump 






suction valves 

8 — 36” and 8— 48” Iron body motor operated gate valves PRs 

4— 36” and 4— 48” Automatic Cone Check Valves a 
These were used as pump discharge valves 
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CRITICAL MATERIALS 
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The WHEELER FALSE FILTER BOTTOM 


Requires less than four pounds of metal (reinforcing steel) per square foot of area. 








Otherwise constructed only of concrete and porcelain throughout. 


In most cases of substitution for critical materials 
some sacrifice must be made in efficiency or durabil- 
ity. Here, however, the Engineer may avoid critical 
metal and, at the same time, enhance both the effi- 
ciency and durability of the whole underdrainage 
system. No more efficient or more durable filter 
underdrainage system than the Wheeler False Filter 
3ottom has yet been devised. 


Already we have completed, or have under contract, 
twenty-five installations of Wheeler False Filter Bot- 
toms in plants directly associated with the war effort. 
The combined daily capacity of these installations is 
225,000,000 gallons. The smallest has a rated ca- 
pacity of 150,000 gallons per day, and the largest 
36,000,000 gallons per day. 





Write us for technical information 


FQUIPMENT 


MECHANICAL 
BY 


RoBERTS FILTER MFG.Co. 
607 COLUMBIA AVE. 
DARBY, PENNA. 










This name plate is our pledge of cooperation—of adherence to specifications—of quality of materials 
—of excellence of workmanship—of continuing interest long after the contract price has been paid. 
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A FULLY PROTECTED 
IRON CASE WATER METER 
with V-Glass Register Box 
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As the meter reader sees it—the V-Glass 
Register Box provides clear vision for quick, 
accurate meter reading and tightly seals the 
register mechanism against dust and moisture. 


ge Empire Victory Meter is a fully protected measuring chamber having dual inlet and outlet 



















iron case meter having a molded glass regis- ports, keeps pressure absorption at the absolute 

ter cover. About 70% of the bronze normally minimum. The design incorporates many inno- 
used in a meter of this size has been eliminated vations in construction that reduce friction and 
without sacrificing any of the quality construc- wear, assuring retention of the high initial accu- 
tion details that have, for 72 years, been associ- racy of the meter over a long period of time. 
ated with the Empire name. The time tested The Empire Victory is a meter that will give 
oscillating piston principle of measurement, thoroughly dependable, unfailingly accurate, 
using the famous Empire Balanced Piston, pro- service both for the duration and for many years 
vides unexcelled accuracy. Smooth flow lines to come. Descriptive literature will be sent 
and interior contours, in combination with a upon request. 

Plan Now to Attend the American Water Works Associ- 

ation Conference on Wartime Water Works Problems, 

The Stevens Hotel... Chicago, Ill... June 21-25, 1942 a 

















Another Development from PITTSBURGH-NATIONAL Research Laboratories 
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TRIPLE PROTECTION FOR CAST IRON CASE—Triple protection is 
given to the cast iron case of the Victory Meter. All machined surfaces 
are chemically treated to inhibit the formation of corrosion. 


The casting surfaces are protected with a special coating called 
‘Resistin’’. This coating has been field proven for several years on 
thousands of frost model Empire Meters, where cast iron bottom plates 
have been so protected. ‘‘Resistin’’ is a special synthetic resin enamel 
finish, baked at elevated temperature. It is permanently bonded to 
the metal on both interior and exterior of the meter case. 


The interior of the main casing in the Empire Victory Meter is 
lined with a special lead alloy at all points where the measuring 
chamber comes in contact. (Patent applied for.) This lining provides 
a perfect jointing surface between these parts and prevents the for- 
mation of corrosion which would make removal of the measuring 
chamber difficult. 


V-GLASS REGISTER BOX—The “‘crown” of the Victory Meter is the 
V-Glass Register Box. Conventional meter construction in the past 
has included a register box and lid made from bronze. These parts 
are not under pressure and serve only to encase the register and ex- 
clude dirt and moisture. They compare to the housings for electric 
meters which for years have been molded from glass. Taking a tip 


from the electric meter manufacturers, Pittsburgh-National engineers 


have designed the V-Glass Register Box. This is a single piece, strong, 
molded glass unit which fits snugly over the register and is retained 
by two screws against a fibre gasket. The V-Glass Register Box serves 
as both a register box and lid. It tightly seals the register against dust 
and moisture and will withstand considerable abuse. 


THE FAMOUS EMPIRE OSCILLATING PISTON DESIGN—There is but 
one moving part within the snap-joint type measuring chamber—the 
famous Empire balanced piston with centrally located web. This scien- 
tifically designed and proportioned chamber extracts the ultimate in 
sustained accuracy from the balanced oscillating piston. There are 
only three interior bronze castings. The four-wheel, oil enclosed gear 
train, utilizes the top half of the measuring chamber as the gear train 
bottom plate. This assures absolute alignment between the measuring 
chamber and the driving arm of the intermediate train. The design 
eliminates all need for interior screws and makes possible the assembly 
of all working parts as a complete unit before installation in the 
meter case. 


| 
PITTSBURGH -NATIONAL METERS 


THE MOST COMPLETE LINE OF WATER METERS IN THE WORLD 


PITTSBURGH EQUITABLE METER COMPANY 


2aKLAND =MERCO NORDSTROM VALVE COMPANY _ kansas < SRATTES 


Main Offices, Pittsburgh, Pa 


HICAGO 
' TOW NATIONAT. METER DNIVISTON R- . wv 
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V-GLASS REGISTER BOX 
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Screws and ‘Washers 
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THE FAMOUS EMPIRE 
OSCILLATING PISTON. DESIGN 


View of Measuring Chamber with 
Gear Train Removed 
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per year. Entered as Second Class 


THESE FOUR YOUNG WOMEN, so earnestly mastering the 
art of torch-welding aluminum, suggest that someone, some- 
where, has checked out of the groove and started some 
practical Imagineering. 


THEY PROVE what we’ve been saying for years: Alcoa 
Aluminum is easy to fabricate. The man who started the 
school where these girls are learning, and graduating to 
war jobs, simply had imagination enough to believe that 


easy really means easy. Then he did something about it! 


IMAGINEERING is letting your imagination soar and then 
engineering it down to earth. It is ingenuity in modern dress. 


IT IS THE THING that has enabled the aluminum industry to 
keep on top of a plane schedule, increased tremendously in 
numbers, but also calling for almost twice as much alumi- 
num per plane as the average plane needed two years ago. 


IT IS WHAT EVERY ONE OF YOU are doing on your war job. 
Simplification, standardization, training. New methods, new 
materials, new records. 


THIS WAR is showing Americans what they really can do if 
they try. 


LET’S MAKE a vow to carry this same spirit over into postwar 
America. We’ll all have the skills, the habit of work, the 
thrill of doing. There will be lots of aluminum to make into 
better products than peacetime America ever knew. It will 
be a great day for Imagineers. 


Aluminum Company of America, 1955 Gulf Building, 
Pittsburgh, Pennsylvania. 


ALCOA ALUMINUM 


[TAICOA! 

ALCOA 
89. Number 6. Published monthly by Gillette Publishing Co., 330 South 
Subscription rate, United States, $2.00 per year; Canada, $2.00 per year; Foreign, $3.00 
June 2, 1931, at the Post Office at Chicago, Ill., under Act of March 3, 1879. 






































SMOOTH-AS-VELVET OPERATION 


A glance at this National Sluice. Gate will show you that it is built to operate 
smoothly and easily against any usual pressure head. And that ample sizing of all 
parts provides a construction sturdy enough to give long-term service. 


GATE VALVES 


SEND FOR 
LITERATURE 


NATIONAL 


You can specify Na- 
tional Gate Valves for 
Water Works operation 
with full assurance that 
their time-tested de- 
signs and husky con- 
struction will operate 
with fool-proof depend- 
ability. The National 
line of Water Works 
Specialties is complete 
- special designs de- 
veloped promptly by 
our engineering staff. 


Frames, discs and guides are a fine grade of semi-steel, with frames cast in one 
piece and discs heavily ribbed for greatest strength. All wedges and hooks are of 
Manganese Bronze. 


National Sluice Gates ‘are distinguished by the careful machining and fitting of all 
sliding and screw parts. The facings on the frames and discs are made of a 
special-analysis bronze, found most suitable for the required service, and thor- 
oughly peened into machined, dove-tailed grooves. These Gates are water-tight 
and open and close easily without chattering. 


National Sluice Gates may be operated with hand or electric operated floor stands, 
or with hydraulic cylinders. They are offered in both rising stem and non-rising 
stem types. Send today for descriptive literature. 


ESTIMATES 
CHEERFULLY 
GIVEN 


MACHINE WORKS 


1559 N. Sheffield Ave., Chicago, IIl.. 
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NORIT 


The Economical Activated Carbon 
for Purifying Water Supplies 


NORIT is made by the steam teed phenol value in powdered 
activation process, using purest form is 14 or better. Guaranteed 


wood charcoal as raw material. phenol number in granular form 
No chemicals are used. Guaran- is not less than 9. 
Produced by 


AMERICAN NORIT COMPANY, INC. 


Jacksonville, Florida 


Distributed by L. A. SALOMON & BRO., 216 Pearl Street, New York, N. Y. 
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THE EXHIBIT OF THE 


BADGER METER 
MANUFACTURING COMPANY 


Get more & Le / 


Careful maintenance of water meters—insuring 
accuracy and long life, is essential to revenue 
protection and reduction of waste at all times. 
In these emergency times keeping meters in 
good operating condition is vital. Patriotism 
demands conservation of water and conserva- 
tion of present equipment — guarding against 
future uncertainties regarding replacements. 

Badger water meters—ranging from the %” 
disc to 10“compounds and 12” turbines—feature 
simplicity of design, which assures easy inter- 
change of parts—economical repair, low main- 








2 from your Badger Meters 


tenance expense. Badger Meter’s national repu- 
tation for Durability,, Dependability, Sensitivity 
and Low-Cost Maintenance has been earned 
by 32 years of performance under all types of 
severe service conditions. Consult us at our Con- 
vention booth for practical assistance in water 
meter repair, maintenance and replacement. 


BADGER METER MANUFACTURING CO. 
MILWAUKEE, WISCONSIN 
BRANCH OFFICES: New York City © Tampa, Fia. * Seattle, Wash. 


Savannah, Ga. * Kansas City, Mo. © Marshalltown, lowa * Waco, Texas 
Los Angeles, Calif. © Chicago, Ill. © Philadelphia, Pa. 
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An Asbestos Product... For efficient, 
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from coast to coast, efficient, economical water 
transportation is assured by the use of J-M 
Transite Pipe. Check the advantages of this 
modern water carrier... 


No Tuberculation . . . Transite has an initial flow co- 
efficient of C=140. This can never be reduced by tubercu- 
lation because Transite is made of asbestos and cement, 
non-metallic. 


Low Maintenance . . . Transite’s asbestos-cement com- 
position provides the further advantage of high corrosion- 
resistance, thus reducing maintenance. 


Minimum Leakage .. . for the Simplex Coupling used in 
assembling Transite stays tight in service . . . is so flexible 
that movement of as much as 5° is allowed at joints. This 
flexibility also permits straight lengths of pipe to be used 
on wide sweeps. 


Rapid Assembly . . . While the Simplex Coupling forms 
lasting tight joints, it is so easy to assemble that un- 
skilled crews can be used on any job. It is prefabricated, 
a “packaged” joint that eliminates heating or pouring 
operations. 


Easy Handling . . . the result-of Transite’s light weight. 
Mechanical equipment for unloading and lowering is 
required only on the largest sizes. 


For complete details, write for brochure TR-IIA. And for 
information on the use of Transite Sewer Pipe to reduce 
sewage disposal costs, write for brochure TR-21A. 
Johns-Manville, 22 East 40th Street, New York, N. Y. 











BE SURE TO 


ATTEND 


the A. W. W. A. Con- 
ference on Wartime 
Water Works Prob- 
lems, Chicago, June 
2\ist to 25th. You are 
cordially invited to 
visit the J-M Exhibit, 


Booths 50 to 53. 


RANSITE PIPE 


economical water and sewer lines 



































1 CONNECTICUT 
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-American 
COLLECTORS 


featuring 






CANTELEVER IDLERS 


* 


@ Bearing inside hub and rotating around shaft. 
















@ Easily installed and aligned sprocket assembly. 


@® Elimination of spring and catenary, common to old style long cross 
shafts. 


@ Solid support for idler sprockets. 
@ Increased rigidity over other types. 
@ Elimination of undesirable heavy steel cross shafting. 





TORQUE TUBE HEAD SHAFT 


@ Section modulus increased over 
solid steel head shaft with 
less overall weight. 


@ Wider tanks can be used. 


Installation at 


Rocky Mount, No. Carolina 
By J. E. SIRRINE & CO., Engineers 














MANUFACTURERS OF 
Pumping,—Sewage Treatment ,— 
Water Purification Equipment 
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IMPLEX VALVE & METER COMPANY is just as anxious to sell equipment to the 
Water Works and Sewage Plant as anyone in the industry; so don’t take what fol- 
lows as a sign that we do not want nor cannot take care of your business. 


















However, in the interests of our common war effort, Simplex urges you to take stock 
of the meters, controllers, gauges, and other equipment in your plant. Check them for 
accuracy, wear, and damage. If they are not operating 100% efficiently, have them 
reconditioned and put back into service. 


As we see it, this is no time for slipshod methods. We’re all in the same boat—only 
so much raw material is available for Water Works and Sewage use, and every manu- 
facturer of equipment, and every user of this equipment has practically the same 
priority rating for this new material. So it seems to us a wise plan to get “more miles 
from your meters” for many tomorrows, because we’ve all taken care of them today. 
The inherent value of such a plan is self evident. Simplex Valve & Meter Company 
has set up a special maintenance department to service Simplex equipment quickly 
and well. Fortunately none of us are forced to do these things. Let’s keep it that way 
by doing them of our own free will. 


SIMPLEX VALVE & METER CO., 6743 UPLAND ST., PHILADELPHIA, PA. 


Visit us at the A.W.W.A. Conference in Chicago, June 20-25th. Talk with Simplex 
service engineers who will be glad to advise you on the care of Simplex meters. 
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Planning a Pressure Pipe Line? 


CONSULT A CO-EFFICIENCY EXPERT 


He'll tell you: 

“To maintain a permanently high carrying 
capacity your best pipe line investment lies in 
concrete” 

And your first choice would naturally be 
Lock Joint Reinforced Concrete Pipe. Its 
dense, concrete walls form an unrelentingly 
smooth line of defense against Tuberculation 
and Corrosion, the aggressive surface diseases 
that with time attack and cripple most water 
supply lines. Tuberculation and Corrosion can- 
not leave their mark on Lock Joint’s moulded 
concrete, cannot impair the hydraulic effi- 


ciency of these pipes. 


Lock Joint Pipe does maintain a high carry- 
ing capacity for life but its very construction 
and design insure longer life, longer service- 
ability. Encased within the protective coat of 
concrete lies a water-tight steel cylinder, re- 
inforced by encircling steel bars. This is the 
backbone, thesé are the ribs that enable each 
Lock Joint Pipe to withstand indefinitely the 
forces of pressure, weight and shock. A more 
useful life—and a longer one! 

Whether your project is large or small, your 
*phone call, telegram, cable or letter to any of 


our offices will bring an immediate response. 


LOCK JOINT PIPE COMPANY 





Established 1905 


AMPERE, NEW JERSEY 


Denver, Colo. « Chicago, Ill. 
White Plains, N.Y. « 


Lock Joint Pipe Company specializes in the 
manufacture and installation of Reinforced 
Concrete Pressure Pipe for Water Supply 
Mains as well as Concrete Pipe of all types 
for Sanitary Sewers, Storm Drains, Culverts 





Valley Park, Mo. 


Rock Island, Ill. 


Kansas City, Mo. « 
Navarre, Ohio 


Kenilworth, N. J. « 
Hartford, Conn. « 


e Cleveland, Ohio -« 








and Subaqueous lines, 
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SILICATE OF SODA 


and gain these “plus” values... 









* IMPROVED FLOCCULATION 


* INCREASED FILTER RUNS 


* REDUCED COSTS 


@ From coast to coast, water softening plants are using STANDARD 


SILICATE to stop the costly attacks of corrosion—and gaining thereby 


many additional benefits—more effective treatment, lower costs, de- 


pendably uniform results. 

Our Technical Staff will gladly give you the benefit of their research 
and findings in the use of Silicates of Soda for water treatment. Just 
fill in the coupon and drop it in the mail. 


DIAMOND ALKALI COMPANY 


STANDARD SILICATE DIVISION 
PITTSBURGH, PA. 


Plants at CINCINNATI 


MARSEILLES, ILL. 


+ JERSEY CITY 
* DALLAS, TEXAS 







* LOCKPORT, N. Y. 


Standard Silicate Division, Diamond Alkali Company, 


Oliver Building, Pittsburgh, Pa. 


Our water supply has the following characteristics: 


Million Gallons per Day 
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Planning a Pressure Pipe Line? 


CONSULT A CO-EFFICIENCY EXPERT 


He'll tell you: 

“To maintain a permanently high carrying 
capacity your best pipe line investment lies in 
concrete?” 

And your first choice would naturally be 
Lock Joint Reinforced Concrete Pipe. Its 
dense, concrete walls form an unrelentingly 
smooth line of defense against Tuberculation 
and Corrosion, the aggressive surface diseases 
that with time attack and cripple most water 
supply lines. Tuberculation and Corrosion can- 
not leave their mark on Lock Joint’s moulded 
concrete, cannot impair the hydraulic effi- 


ciency of these pipes. 












Lock Joint Pipe does maintain a high carry- 
ing capacity for life but its very construction 
and design insure longer life, longer service- 
ability. Encased within the protective coat of 
concrete lies a water-tight steel cylinder, re- 
inforced by encircling steel bars. This is the 
backbone, thesé are the ribs that enable each 
Lock Joint Pipe to withstand indefinitely the 
forces of pressure, weight and shock. A more 
useful life—and a longer one! 

Whether your project is large or small, your 
*phone call, telegram, cable or letter to any of 


our offices will bring an immediate response. 


LOCK JOINT PIPE COMPANY 





Established 1905 





AMPERE, NEW JERSEY 


Denver, Colo. « Chicago, Ill. 
White Plains, N.Y. 


Lock Joint Pipe Company specializes in the 
manufacture and installation of Reinforced 





Valley Park, Mo. 


Rock Island, Ill. 


Kenilworth,N.J. « Kansas City,Mo. « 
d Navarre, Ohio 


e Cleveland, Ohio «+ Hartford, Conn. « 
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Concrete Pressure Pipe for Water Supply 
Mains as well as Concrete Pipe of all types 
for Sanitary Sewers, Storm Drains, Culverts 
and Subaqueous lines, 
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SILICATE OF SODA 


and gain these “plus” values... 

* IMPROVED FLOCCULATION 
* INCREASED FILTER RUNS 
* REDUCED COSTS 





@ From coast to coast, water softening plants are using STANDARD 
SILICATE to stop the costly attacks of corrosion—and gaining thereby 
many additional benefits—more effective treatment, lower costs, de- 
pendably uniform results. | 

Our Technical Staff will gladly give you the benefit of their research 
and findings in the use of Silicates of Soda for water treatment. Just 
fill in the coupon and drop it in the mail. 











DIAMOND ALKALI COMPANY (Retererrere st iesleeneens 


Our water supply has the following characteristics: 
STANDARD SILICATE DIVISION 
PITTSBURGH, PA. 


Plants at CINCINNATI + JERSEY CITY - LOCKPORT, N. Y. 
MARSEILLES, ILL. - DALLAS, TEXAS 
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EM FOR THAT ADDED LOAD 


@ Wartime influx of war workers and new indus- 
trial requirements create new problems in many 
a locality these days. In handling these added 
loads more easily, more dependably, and with 


@ The extra performance of Gardner-Denver Double-Suction, 
Horizontally Split Case Centrifugal Pumps is assured by 
large, smooth waterways that prevent eddies and cross cur- 
rents—cast bronze, enclosed type, hydraulically balanced 
impeller plus heavy-duty, single row ball bearings that absorb 
line and thrust loads. These rugged Gardner-Denver pumps 
are designed for heads up to 350 feet. 


less strain on municipal budgets, Gardner-Denver 
Double-Suction and Close-Coupled Centrifugal 
Pumps are establishing remarkable records for 
high efficiency and lower cost service. 


@ The efficient operation of Gardner-Denver Type “‘H”’ Close- 
Coupled Centrifugals is the result of carefully proportioned 
and thoroughly tested water passages and impeller blades. 
Pump and splashproof motor form a compact unit, and can 
be installed in any position, horizontally or vertically. De- 
signed for capacities up to 250 gallons per minute and heads 
up to 300 feet. 





GARDNER- 
DENVER 
PRODUCTS 
WEUP SPEED 

ICTORY 
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Write for full information on the improved mechanical advantages and modern hydraulic design of Gardner- 
Denver Double-Suction and Close-Coupled Centrifugal Pumps. Gardner-Denver Company, Quincy, Illinois. 


: Garpner ENVER ‘i"°7#5 
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olden plumage and, according to one or two — 
| ities, possessing a sweet voice. It was always male, 
the only one of its kind in the world, and lived in the _ 


_ Arabian wilderness for periods ranging from five — _ 
years upward. 8 


_ At the expiration of that time, when it felt its iile 
devine to a close, it built itself a nest of twigs from spice __ 
| trees and aromatic ee on which it died, by es the ae 




































itsolf alive. o rom its hody. « or its oe or the nest ik - 
| it had fertilized, came forth another Phoenix, beautiful _ 
| and revived with the freshness of youth. This young bird, _ 
a8 soon as it was strong enough, took up the body of its _ 
S father, covered in spices, or the ashes, nest and all, and _ 
_ flew to a sanctuary dedicated to it at Heliopolis in Egypt, 
_where it deposited them on the altar of the Sun, 
By heralds the Phoenix is always presented i in the midst a 

of flames. _ oS 
Allusions to the B&ypenix are found in hieréely hie w wee ee 
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Hence—a person or thing of unique excellence; one of 
singular distinction or peerless beauty; a paragon. : 


KEEP ’EM FLYING! 







PRINCE BAY, 8. 1. 
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CONSULTING ENGINEERS, Officials and all other Water- 
works men, regardless of how simple or complicated your 
problem is, you'll find your solution in SMITH ROTOVALVES! 
For here is a cone valve design in which the plug: 

lifts, rotates and seats . . . assures through, unobstructed 

flow . . . provides minimum loss, as the loss through a 

Rotovalve, when open, is no greater than it is through a 

pipe of equal diameter and length . . . is obtainable in 

sizes and with control mechanisms meeting a wide range of 

services . . . may be operated by either manual or hydrau- 

lic means, or combined motor and manual mechanism as 

shown . . . supplies quick, positive operation! 
The swing to Smith Rotovalves is unmistakable, as proven by installations in 
modern water works and new systems for Plants producing war materials. 


Specify SMITH ROTOVALVES in your next job! 










morcan SMUT H vork-ra. 
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uenching a Powder Plant’s Thirst! 


Industrial production for War requires fantastic quantities of water. Take the manu- 

facture of gun powder. One of the world’s largest smokeless powder plants uses 

over 65 million gallons of water daily—more than the consumption of a city of a half-million popu- 
lation. Other large ordnance works consume water in gallonage running into multiple millions. 

These unprecedented demands are being met by the Ranney Method of Water Collection, a 


low-cost, self-contained and centralized water-producing 
unit. In this process a concrete caisson is sunk into the ground 
and then sealed at the bottom (see Fig. 1, right). Horizontal 
screen pipes, running in length to 300 feet, are pushed radially 
into the water-bearing formations at selected levels (Fig. 2). 
The above photograph shows water gushing into a Ranney 
Collector through one of the pipe-portholes, the number of 
which is determined by the quantity of water required. The 
capacity of any collector can be increased by driving screen 
pipes through the additional portholes. 

The Ranney Method of Water Collection ranks among the 
War's great and lasting industrial developments. Because it 
must be a factor in the post-war planning, it is wise for those 

interested in water for industrial and municipal pur- 
poses to investigate its potentialities. now. 


WATER COLLECTOR 
CORPORATION OF NEW YORK 
HEYBURN BUILDING-LOUISVILLE, KY. 
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Ludlow Construction. Self-releasing 
30° angle wedges and free-floating 
gates, self-adjusting to seats, afford 
smooth, trouble-free performance, 
long service. Opening and closing 
of hydrant automatically opens and 
closes drain, located at lowest point. 
Clogging is prevented. Gate is wedge- 
locked, when closed, to prevent 
flooding. All working parts may be 
lifted through top of hydrant for easy 
inspection. Top and bottom bodies 
bolted together at ground line. 
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Except “every man in service” 

























SINCE 1866 




































When and if such announce. 
ments are made over our 
radios, ‘‘every man in service” 
will have very special signifi. 
cance. Then, the hours of 
extra effort and weeks of 
special training by city fire 
departments will prove their 
worth. 

Also proving their worth will be the army 
of Ludlow Hydrants — then “in service” 
as never before. Ludlow Hydrants are 
always ready for action, prepared to deliver 
a steady flow of water, instantly and with 
minimum shock. They operate on the 
famous slide gate principle, which provides 
smooth action of free moving parts and 
assures long, trouble-free service. If dam- 
aged in a blackout collision or otherwise, 
the Ludlow Hydrant will not flood, because 
it is wedge-locked when closed. These, and 
other superior construction features, make 
them ideal for that new defense area in 


your city! Send for Catalog. 


THE LUDLOW VALVE MFG. CO., INC. 


TROY, NEW YORK 


LUDLOW 
HYDRANTS 









REPORTED FOR ACTIVE DUTY 


WITH ARMY, NAVY AND MARINE WATER 
AND. SEWERAGE SYSTEMS EVERYWHERE! 
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Lopyper ¢’= TOPS FOR PLUMBING PIPING 
YET MORE VITAL STILL TO 


Ke cop Em Hy ing! 


@ Up until a few short months ago STREAMLINE copper 
pipe and bronze solder type fittings were installed in 
thousands of buildings where a permanently reliable 
plumbing or heating system was essential. They were 
used for air conditioning, for water service piping from 
main to building —for sewage disposal systems and a 
thousand other uses where dependability and long 
service life were of prime importance. They were, and 
still are, universally considered the finest materials that 
money can buy. 


But today copper, bronze and brass have more vitally 
essential uses in the manufacture of munitions for our 
Army, Navy and Air Force—and today, too, the skill of 
the men and women of the Mueller Brass Co. plant and 
the full capacity of its productive machinery are now 
engaged 100% in doing their full share on this most 
important and gigantic task of our nation’s history. 


Today copper, brass and bronze are safeguarding the 
very life of the nation, but in happier days to come, 
they will again protect the health and promote the 
comfort and prosperity of its people in the form of 
STREAMLINE copper pipe and fittings. Our job- 
bers will stock them; our salesmen will sell them 
and our master plumbers will again install them. 





‘ 


(edtecens 


== 


J@a STREAMLINE 


_ PIPE AND FITTINGS DIVISION 


MUELLER BRASS CO. 


PORT HURON,MICHIGAN 
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Gep ern rolling” 


@ “Deferments” for chlorine cylinders are out for the duration. To conserve 
steel for Uncle Sam's tanks and battlewagons, the existing supply of 
cylinders has got to do full-time duty. Mathieson and the chlorine industry 


wT ss @ae@an Ss “= 


can't count on new cylinders “as usual.” 


Do your part by returning your “empties” quickly ... regularly. You'll be 
helping Mathieson to maintain a dependable supply of chlorine for your 
plant. Don't let idle cylinders “dodge the draft”. ..“Keep ‘em rolling!” 


| Plan now to attend the Wartime Conference 
of the American Water Works Association, 
Chicago, Ill., June 21-25, 1942. 


THE Mlathieson Alkeli Works (inc) 








60 E—. 42ND ST NEW YORK, N Y 








LIQUID CHLORINE... HTH...SODA ASH... CAUSTIC SODA... BLEACHING POWDER... AMMONIA, ANHYDROUS and AQUA... 
BICARBONATE OF SODA...PH-PLUS (FUSED ALKALI)...DRY ICE... CARBONIC GAS...SYNTHETIC SALT CAKE...SODIUM CHLORITE PRODUCTS 
WATER WorKS & SEWERAGE, June, 1942 
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Of OUR NAME re 
FOR youR CONVENIEN 
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INCORPORATED 


ya ete, Se Pee rea 
The decision to streamline our 48-year old name For Water Work 
will not surprise our many friends in the Water ” 
Works field. They know we've outgrown it. In 
fact, the word “filter” is no longer even 
remotely descriptive of 70 per cent of the 
equipment we manufacture. 


For many years the trademark has 
identified rate of flow controllers, chemical 
feeders, hydraulic controls, mixing equipment, 

ye ; % ixin : 
clarifiers, water softeners and zeolites, as | | _ sin Equipment 
well as filter equipment, engineered and & ating Tables 


manufactured by this organization for the 
Water Works field. 


Aerat 
“ ors 
Celator Softeners and Clarifiers 


hemicaj Feed 
ae j 
larifiers ang Setting oners 
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Iw hundreds of communities where Mathews Hydrants are standard, 
a couple of extra Mathews Barrels take care of every emergency 
and all routine service. These barrels, or standpipes, contain all 
working parts including main-valve and drain-valve seats. They are 
inserted through an outer protection and screwed up tight. Why not. 
repair your accidents this easy way? Why not do your overhauling 
in indoor comfort? This is a reminder to Mathews owners to make a 
war-time check of their spare barrels. To everybody else it’s a big 


reason for specifying Mathews. 


Made by RO WOOD Compony 
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ZECO and HI-ZECO Greensand Zeolite for 
water softening, filtration and iron removal. 
ZECO Manganese Zeolite for iron and 
manganese removal. COREXITE mineral 


for corrosion control and water stabilization. 


* 
ZEOLITE CHEMICAL CO. 


Sales Office Factory 
140 Cedar St., New York, N. Y. Medford, N. J. 
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SOFTEN ’EM UP with ZEOLITE 











ZEOLITE CHEMICAL COMPANY 
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STEAM TURBINE DRIVEN UNITS 





WATE 













DIESEL ENGINES 


Steam Condensers 
Feedwater Heaters 
Turbine Well Pumps 
Stationary Compressors 
Rock Drilling Equipment 
Multi-V-Belt Drives 
Speed Change Gears 


Water Softeners 








WORTHINGTON PUMP AND MACHINERY CORPORATION - 


MOTOR DRIVEN UNITS 





WORTHINGTO 
| tor. 


CENTRIFUGAL PUMPS 


MOORE STEAM TURBINES 


WATER PURIFICATION EQUIPMENT 


DIESEL OR GAS ENGINE DRIVEN UNITS 


1N EQUIPMENT 


SUPPLY 


? 


GAS ENGINES 


Steam and Power Pumps 
Steam-Jet Ejectors 
Sump and Drainage Pumps 
Portable Compressors 
Construction Air Tools 
Water Meters 
Air Lifts 


Pressure Filters 





HARRISON, NEW JERSEY 





| ; a | § 
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THE SILENT SOLDIER: During the present emergency, it 
is, more than ever before, necessary to know 
that your Fire Hydrants are always dependable. 








An Army and a Fire Hydrant must have one 
thing in common: DEPENDABILITY in an 
EMERGENCY. With the New Rensselaer 
“DEFENDER?” this quality is triply* assured. 












%* 1. Easy to operate—Utilizes famous “Knuckle-joint” principle. 
Opens with water pressure. 


2. Easy to service— All parts readily removed by one man. 
No special tools required. 


3. Safe against Bombs—Can’t leak due to stand-pipe breakage. 


RENSSELAER 


VALVE CO. 


TROY, NEW YORK 
Branch Offices: 


The name COREY has 
been discontinued in 
favor of the company 


name RENSSELAER 






Atlanta, Ga. Los Angeles, Cal. 
Chicago, Ill. Pittsburgh, Pa. 
Dallas, Tex. San Francisco, Cal. 
Kansas City, Mo. Seattie, Wash. 






Haverhill, Mass. 
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FOR POSITIVE RESULTS - 
-LOW COST OPERATION 








STRAIGHTLINE 


COLLECTORS 











settling tanks have proved their high effi- 
ciency, durability and economy through 
years of service. Book No. 1742. 














BIO-FILTRATION [RR 
System For “mcnerd 
Treating Sewage =e 


Much of the effectiveness of 
this system depends on the 
reaction between the filter 
effluent and the raw or 
partly treated sewage in the settling — 
STRAIGHTLINE and CIRCULINE 
Collectors have proved ideal for this pro- 
cess wherever used. Folder No. 1881. 


INDUSTRIAL 
WASTE SCREENS 


Link-Belt Vibrating Screens i 
are daily proving their effi- 
ciency and economy in the 
removal of objectionable 
suspended solids from in- 
dustrial waste before the water is dis- 
charged into sewers or streams. Besides re- 
ducing stream pollution, the solids recov- 
ered, frequently are made into valuable 
by-product in some plants. Folder No. 1877. 
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LINK-BELT hc 
EQUIPMENT J 









STRAIGHTLINE Sludge Collectors for 
the removal of sludge from rectangular 











CiRCULINE 


COLLECTORS 


CIRCULINE Collectors provide round 
tanks with the same important features 
which have made the STRAIGHTLINE 
Collector the acknowledged standard for 
rectangular tanks. Book No. 1642. 


BAR and TRITOR 


SCREENS 


The STRAIGHTLINE 
Mechanically-Cleaned Bar 
Screen is the modern meth- 
od of removing large sus- 
pended solids and debris 
from incoming sewage. Equally effective is 
the TRITOR Screen which is a combina- 
tion of screen and grit chamber for medium 
and small size plants. Book No. 1587. 








STRAIGHTLINE 


Grit Collectors 
and Washers 


effectively collect, wash and 
remove settled grit and 
separate it from putrescible 
organic matter. Consists of 





a scraper type collector which turns the 
material over and over and discharges it 
into a washing and dewatering screw 
which carries it up an incline to point of 
discharge. Folder No. 1942. 















Other LINK-BELT WATER and SEWAGE TREATMENT PLANT EQUIPMENT INCLUDES: STRAIGHTLINE Mixers 
for Flocculation Tanks; STRAIGHTLINE Scum Breakers for Digestion Tanks; Elevated Diffusers; Traveling Water-Intake 
Screens; Roto-Louvre Dryers for sludge and other wet materials; P.I.V. Gear Variable Speed Drive for Pumps; Coal and Ashes 
Handling Machinery; Car Spotters and Haulage Systems; Shovels-Cranes-Draglines—Crawler, Tractor and Truck Mounted; 
and a complete line of elevating, conveying and power transmitting equipment. Catalogs sent on request. 









PHILADELPHIA CHICAGO 
2045 W. Hunting Park Ave. 300 W. Pershing Road 























LINK-BELT COMPANY 


Specialists in the Manufacture of Equipment for Water and Sewage Treatment Plants 


LOS ANGELES CLEVELAND 
= S. Anderson St. $48 Rockefeller a 


Atlanta . . Baltimore . . Boston . . Buffalo. . Dallas . . Denver . . Detroit .. Grand Rapi . Houston . . Huntington, W. Va. . . Indianapolis . . Louisville 
Kansas City, Mo.. . New Orleans .. New York . . Oakland, Calif. . . Pittsburgh . “Pestiend, Ore. . . Salt Lake City . . Seattle . . St. Louis . - St. Paus 
Wilkes-Barre. In Canada—Link-Belt Limited —Toronto Plant; Montreal: Vancouver; Swastika 
Shovel-Crane-Dragline Division—Link-Belt Speeder Corp.. Chicago and Cedar Rapids 8796-A 
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A Tap-full or a Torrent 


PEERLESS PUMPS—PROVIDE WATER FOR MOST 
EVERY INDUSTRIAL, COMMERCIAL AND DOMESTIC USE 


In size, type of drive, choice of lubrication, for any depth or any 
practicable head, with lasting quality and sustained performance, 
your safest and most economical investment for lifting water is a 
Peerless Pump. Peerless Pumps’ wide range of capacities can 
provide from 10 to 100,000 gallons of water per minute,—a tap- 


full or a torrent. 






PRE-ENGINEERING AND PRE- TESTING 


are the bases of customer preference. 


SERVICE AND INFORMATION are 


factors in customer preference. Peerless 


Peerless engineering and research are 
continual,—results are enduring. Many 
of the “firsts” in water lifting are Peer- 
less innovations. 


Distributors are located in every state 
in the Union and every Allied Nation. 
Consult your nearest one for pre-sale 
information, post-sale service. 











CUSTOMER PREFERENCE. Evidence of Peerless leadership is the roster 
of Peerless owners which contains thousands of industrial and commercial 
concerns whose names and products are household words, the world over. 
The benefits of the judgment and experience of their engineers are yours 
when you buy a Peerless Pump. 
PEERLESS PUMPS’ COMPLETE LINE INCLUDES 
Deep Well Turbine Hydro-Foil (Propeller' Mine Sinker and 
Pumps Type) Pumps Mine Dewatering 

An forms of drive; Hi-Lift Pumps ™ —— Pe 

electric direct-con- asotne an ue 

nected, right angle pt " — yo Types Oil Direct Refueling 

drive and belted entrifugal Pumps and Transfer Pumps 

heads. Bilge Pumps Domestic Water Systems 

Sewage Pumps and Jet Pumps 
BULLETINS are available that illustrate and de- 
scribe their application. Write for your copies. 
Kimball-Krogh Non-Clogging Type 
Horizontal Sewage Pump 

PEERLESS PUMP DIVISION — FOOD MACHINERY CORPORATION 
1250 Camden Ave., S. W., Canton, O. 301 West Ave. 26, Los Angeles, Calif. 
FACTORIES: Los Angeles, San Jose and Fresno, Calif.; Canton, Ohio 


Peerless Deep 
Well Turbine 
Pump 


Peerless 
Hi-Lift Pump 
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“Calgon takes 
the teeth out of corrosion 










3 
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Calgon solves 4 


water works problems 


Prevention of scale from hard, high- 
bicarbonate waters. Calgon, added at 
the plant, prevents scale formation in 
mains, meters and hot-water heaters, 
throughout the system. 


Corrosion Control— Calgon forms a 
thin protective film on metals and metal 
oxides at pH values of 5.0 and higher. 
This reduces the attack of oxygen to 
such an extent that corrosion ceases to 
be a problem. 


Prevention of “red water’’—Calgon 
prevents the precipitation of dissolved 
iron. Thus “red water,” either from 
iron initially present in well water or 
from corrosion, can be eliminated. 


Stabilization of water following lime 
or lime-soda softening. Calgon's ability 
to prevent precipitation of calcium ca:- 
bonate stabilizes water to the ends of 
the system. 
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HAGAN BUILDING 


OW to tame corrosion’s bite 
and overcome “red water” have 
been stubborn problems for water 
works operators. Adding alkali to 
increase pH, for the purpose of lay- 
ing down a protective scale coating, 
usually resulted in excess scale de- 
posits near the plant and little, if 
any, protection at the ends of the 
lines. Operators were constantly 
striving for complete stability—free- 
dom from corrosion on one hand 
and minimum scale on the other. 
Calgon works a “pincers” attack 
on the problem. By laying a thin 
phosphate film over all metal sur- 
faces, Calgon reduces oxidation to 
a minimum, at the same time pre- 
venting undesirable deposition of 
calcium carbonate. Thus Calgon 


CALGON TREATMENt 
could have saved this Pipe 
line, but it was riddled by 
corrosion in about six months, 


works in lime-soda softened water 
as well as in naturally soft water. 
“Red water” quickly disappears 
even at the extremities of the line. 

In solving the corrosion prob- 
lem, Calgon gives you a bonus of 
longer pipe life. This is important 
today as pipe is becoming increas- 
ingly difficult to get. Only 1 to 5 
ppm. of Calgon are needed for the 
most severe cases of corrosion. This 
brings the cost of the treatment well 
within the budgets of most water 
works departments. 

We'll gladly send you complete 
details with instructions and a 
sample of Calgon* to conduct your 
own tests. Just write. 


* Calgon is the registered trade-mark of Calgon, Ine. 
for its sodium phosphate glass products. 


calgon, inc. 


PITTSBURGH, PA 
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A 
Complete 
Service... 








Undivided 
Responsibility 


L the production of equipment for the con- 
ditioning of water and the treatment of 
sewage, Graver offers a service broad in scope, 
yet unified under the control of men long ex- 


perienced in this highly specialized work. 


This service is complete, including designing, 
engineering, and fabrication of every unit, 
and provides the unique and highly import- 
ant advantage of a single responsibility for 


the entire job. 


Whenever you require equipment for the 
conditioning of water supplies, or for the 
treatment of sewage you will find it particu- 
larly advantageous to consult Graver. There 


is not the slightest obligation in doing so. 


4809-14 TOD AVE. 
EAST CHICAGO, INE 


CABLE ADDRESS — GRATANK 


GRAVER TANK & MFG.CO.INC. 
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ANPOWER A PROBLEM? 












You can save time and trouble with the 
Aloxite Brand Porous Filter Underdrain § ystem 


F selective service and war production has hit 

the manpower at your filter plant, here’s a way 
to help solve the problem. You can save man 
hours and reduce filter bottom troubles by install- 
ing the simple Aloxite Brand Porous Plate Under- 
drain System which eliminates all gravel. 


In addition to saving time and labor today when 
both are at a premium, this system offers 






GRAND RAPIDS, MICH. An early installation made in 
April 1936 and still giving low cost service. 





Lima, OHIO. Aloxite Brand Porous Underdrain System 
cleared up costly filter bottom troubles. 
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THE CARBORUNDUM COMPANY °« NIAGARA FALLS, N.Y. 


(Carborundum and Aloxite are registered trade-marks of and indicate manufacture by The Carborundum Company) 


other benefits that are valuable at any time: 


e Reduced operating heads 

e Uniform back wash 

e Resistance to corrosion 

e No loss of filter media 
A few of the more than 70 installations now giv- 
ing exceptional service are shown below. Write for 
detailed information, and submit your problem. 





u 


LYONS, N.Y. Upset gravel and sand loss troubles ended. 
Thorough washing increases filter runs. 


vd 





DANVILLE, ILL. A recent installation showing supporting 
ridges and finished bottom before applying sand. 
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iscellaneous equipment 











L 





Symbol of Quality 
Since 1889 


Over 50 years of service to 
the water works field and, 
while those years have seen 
many changes in the design, 
production and usage of 


water works equipment 
water works plants. Men 


nserting machines 
for valves 
have erown old in the se. 
; apping machines ir Maal 
He and valves 


THE A. P. SMITH MFG. CO., EAST ORANGE, N. J. 


7 So. Dearborn St. 901 Wm. Oliver Bldg. 409 Texas St. 5241/2 First Ave. South. 59 Oak Vale Ave. 315 N. Crescent St. 
Chicago, Ill. Atlanta, Ga. El Paso, Texas Seattle, Wash. Berkeley, Calif. Flandreau, S. D. 


kept abreast of the needs of 
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The power-limiting characteristic of 











DE LAVAL PUMPS 


permits of selecting the motor size for maximum motor 


efficiency at the load giving maximum pump efficiency. 


Also, by reason of their low torque at shut-off, De Laval 
Pumps permit the use of self-starting synchronous motors, 
which, by improving the power factor, may earn a lower 


unit power rate. 


As an example of the value of efficiency, one 10- 
m.g.d., two 7% m.g.d., and one 5-m.g.d. De Laval syn- 
chronous motor driven pumping units, all operating 
against 386 ft., installed at the Western Hills Pumping 
Station, Cincinnati, Ohio, were guaranteed to develop 
wire-to-water efficiencies of 82.5 per cent for the 10- 
m.g.d. unit, and 81 per cent for each of the other three. 


On the official tests, the efficiencies obtained were 84.1. 
per cent, 83.82 per cent, 83.7 per cent and 82.3 per 
cent, respectively. 

For the total of 30 m.g.d. against 386 ft. head and 
an average of 30 per cent load factor, this amounts to 
an annual saving of close to 123,400 kilowatt hours over 
the guaranteed figure. _ : 

The aggregate capacity of De Laval pumps installed 
in American water works is more than sufficient to supply 
the normal water requirements of 130,000,000 people. 


Write for Catalogue P-4094. 


Steam Turbine Cb: 


TRENTON, fd. 


MANUFACTUZERS OF TURBINES STEAM, HYDRAULIC; PUMPS 
ROTARY DISPLACEMENT, MOTOR-MOUNTED, MIXED-FLOW. CLOGLESS 
CENTRIFUGAL BLOWERS and COMPRESSORS, GEARS WORM. HELICAL; and FLEXIBLE COUPLING 


CENTRIFUGAL PROPELLER 
SELF. PRIMING 


Visit our Booths Nos. 16 and 17, Stevens Hotel, Chicago, during the American Water Works Convention 


WATER WorkKS & SEWERAGE, June, 1942 





ROVES. 
SURVEY 
AKS 


' 
| 


ratified 

: ing — 
-\its we a 
; | see cle ke @ further survey 
‘ a 9 find additional leaks 
1 ra the city’s water system. 
| presently t 

survey © 
\S rth by the 


‘ leting 
he company is comp ’™ 


survey, Wh 

mon ’ n 

a bounded 0 , South 4 
arty limits; east bY oth. vy the city 

-\eity Jim 


th Sts.; south, igh 
tend py the Little Lehig will pay 


wast 

n of industrial meyre 

ized use for @ ne. 

“ unauthorized use of a fire Ren 

at din @ local industrial Pp _ 

f 290,000 gallons of W = 
‘this line daily. In 

other loca- f 


estimate ¢ 


cern 
pleted 


yrvey is com 
survey rea 


discovered 


b de- 
not be 
ould oth Coun- 


eing 


daily avera 


gallon e size of Allentown 


‘ ace c 
he daily aver 
ago allons. | snt out 
7,000,000 8: icials point | 
5| Fete surveys nds Cece the saving. 
1 


basis of 


000 
mebes) 


A PITOMETER DISTRIBUTION 
STUDY 

If the existing water system 
proves inadequate to sup- 
ply such a huge increase 
of new users as some cities 
face,a Pitometer Distri- 
bution Study will result 
in a construction program 
economical of men, money 
and materials. 


gallon 
line dail 
TILE 


A PITOMETER WATER WASTE 
SURVEY 


locate hidden leaks 
and other sources of waste. 
If waste is eliminated, ad- 
ditional expenditures for 
new pipe lines, standpipes, 
pumps, etc., may not be 
necessary. 


will 


THE PITOMETER COMPANY 


Water Distribution Engineers 


52 Church Street New York, N. Y. 
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Next to the Stars and Stripes... 


AS PROUD A FLAG AS INDUSTRY CAN FLY 


Signifying 90 Percent or More Employee Participation in the Pay-Roll Savings Plan 


|: doesn’t go into the smoke of battle, but 
wherever you see this flag you know that it spells 
Victory for our boys on the fighting fronts. To 
everyone, it means that the firm which flies it has 
attained 90 percent or more employee participa- 
tion in the Pay-Roll Savings Plan . . . that their 
employees are turning a part of their earnings 
into tanks and planes and guns regularly, every 
pay day, through the systematic purchase of 
U. S. War Bonds. 


You don’t need to be engaged in war production 
activity to fly this flag. Any patriotic firm can 
qualify and make a vital contribution to Victory 
by making the Pay-Roll Savings Plan available 
to its employees, and by securing 90 percent or 
more employee participation. Then notify your 
State Defense Savings Staff Administrator that 


you have reached the goal. He will tell you 


how you may obtain your flag. 


If your firm has already installed the Pay-Roll 
Savings Plan, now is the time to increase your 
efforts: (1) To secure wider participation and 
reach the 90-percent goal; (2) to encourage 
employees to increase their allotments until 10 
percent or more of your gross pay roll is sub- 
scribed for Bonds. “Token” allotments will 
not win this war any more than “token” resist- 
ance will keep our enemies from our shores, 
our homes. If your firm has yet to install the 
Plan, remember, TIME IS SHORT. 


Write or wire for full facts and literature on instal- 
ling your Pay-Roll Savings Plan now. Address 
Treasury Department, Section D, 709 12th St., 
NW., Washington, D. C. 


Make Every Pay Day “Bond Day" 


—<? 


—= 


This Space is a Contribution to Victory by WATER WORKS AND SEWERAGE 
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QUICK FACTS ON TRANSITE SEWER PIPE 






FAST INSTALLATION ... Transite’s long lengths reduce the 


number of joints needed in the line... its light weight 






permits easier, faster, more economical handling. 







LESS INFILTRATION... Fewer, tighter joints minimize leak- 


PY commatiaatet-are (oh. seeyemas (om er-lemr-Laneel-metl yore. tlm o)t-tele 


HIGH DELIVERY CAPACITY ... This advantage of Transite 
Pipe frequently permits smaller pipe or flatter grades, 
resulting in shallower trenches. 


AVAILABLE BOTH FOR FORCE MAINS AND GRAVITY 
LINES... Complete information is given in brochure 
TR-21A. And for details on lower-cost water transporta- 
tion, send for Transite Water Pipe Brochure TR-11A. 
Johns-Manville, 22 East 40th Street, New York, N. Y. 
















JM Johns-Manville 


TRANSITE SEWER PIPE 


An Asbestos Product 
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the U.S.A. is bound to win, toward 
which %Proportioneers% do their 
share. We approach 100% conversion 
of our production to war work. The 
Navy, Army, other Government agen- 
cies, essential public health needs, and 
war industries procure almost all our 
equipment output; atlhough any recent 
month will record our shipments as five 
times as much as comparable periods 
before Pearl Harbor. 

= _—— Standardized units for War-Time Sani- 
ed tation include: PUR-O-PUMPER; BLITZ- 
BUGGY TRAILER; ONE-MAN PORTABLE 
MAIN. STERILIZERS; CHLOR-O.FEED. 
ERS; and CHEM-O-FEEDERS. 






















































Just ten years ago in Chicago %Pro- 
portioneers% attended their first A. W. 
W.A. Convention. We had little to 
offer except fresh ideas and the slogan 
that “Machines are made of materials 
plus brains — the more brains the less 
materials!” 

Much water has been purified in this 
decade and we are grateful to the 
Water Works profession which sup- 
ported our early experimental and 
development costs; and guided and 
inspired.our efforts. They helped build 
an engineering, manufacturing, and 
service organization which has grown 
to serve our nation in this emergency; 
and which is trying to maintain its obli- 
gations to water works, and which will 
be 100% at your service after ‘the 
duration”. 
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..WAR_ TIME. CONFERENCE — - 


A.W. W.A.. Chicago, June 21 to 25 
See Booth No. 10 


Water Wins Wars! 


In ten years, we've become... 


me “CHEMICAL FEEDER HEADQUARTERS" 
“EMERGENCY FEEDER HEADQUARTERS" 
“SWIM POOL PURIFICATION HEADQUARTERS" 


% PROPORTIONEERS, 







the victory won by simpler methods of 
water treatment and sterilization pio- 
neered during the past ten years by 
% Proportioneers%. 

Our leading the way to low-cost hypo- 
chlorination for small plants resulted 
in general use of methods, machines, 
chemicals, and price ranges previously 
thought unattainable. 

Unbelievable portability, flexibility, 
simplicity and standardization of equip- 
ment has grown from our early depar- 
tures from conventional, accepted prac- 
tices». Mass. production. .of .all kinds .of 


Chem-O-Feeders permitted welcome 


equipment price reduction and conse- 
quent wider use of purification appa- 
ratus; also better understanding of low- 
priced, safe technique for water and 
sewage pollution problems. 


Our trade mark stands for “Accurate 
Percentages” which we proportion on 
demand in many chemical feeding 
operations; and for the principle of 
more chemical feeder per dollar spent! 
Note that the price of Chlor-O-Feeder 
has never been raised since the origi- 


nal $195.00 price was established These 


pis eoSisomnet aggre ely at 


oped as demand end macs production ser 


allowed hypochlorinators to be sold as 
low as $99.00. 
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STREET * PROVIDENCE, R. 
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COMING! 


“The New Storeyard of Akron, Ohio” 


Late in 1941 the Water Department of Akron, 
Ohio, completed a new and modernized $100. 000 
storeyard and garage facilities, representing a 


which cost the Water 
the entire cost. This 
Akron system is de- 


highly useful W.P.A. project, 
Department about 33% of 
well aby asset to the 


scribed by— 
ees ENDELL R. LA DUE, Sup’t & Eng’r, 
mt, of Water and Sewage, Akron, Ohio. 


“Gas Engine Operation and Performance” 

Is the story of the performance record, dependa- 
bility and economies of the gas engines of the me- 
dium sized sewage treatment works of Aurora, III. 
The first article to be published on the early 
Aurora installation of 1936 appeared in 1937 in this 
magazine.--It is fitting that the story of the com- 
pleted job and long-time performance records be 
told in the same publication in 1942, after a 15 
month period of operation since past experience 
justified the complete severance of outside power 
and confident dependance on the by-product gas 
operated engine-generator sets of This 
accomplishment represe nts another the 


cap of the res 
WALT ER A. SPERRY, Sup'’t, 
The Sanitary District of Aurora, 


“Sludge Heating with Live Steam” 

Is a recital of experiences and practice followed 
at the main treatment works of the Los Angeles 
County Sanitation Districts which invoives the eco- 
nomical practice of sludge, pre-heating with live 
steam enroute to the digestion tanks. The author 


is— 
A. M. RAWN, Chief Engr. & Gen’l Mer., 
Los Angeles County Sanitation Districts, Calif. 


“Substitute and Alternate Materials 


for Service Pipe” 

Is a timely and illuminating analysis of the ad- 
vantages and shortcomings of service pipe mate- 
rials now available to water works managers. The 
analysis covers lead of two weights; ‘‘Tube-loy’’ 
of two weights; wrought-iron; cast-iron and ce- 
ment lined pipe. It presents a comparison of costs 
per foot for sizes ordinarily employed for water 
service lines, in addition the discussion of quality 
and service considerations. It serves as a splendid 
guide to those responsible for purchase of service 
line materials. The eminently practical and an- 


alytical author is— 
E. E. SMITH, Sup'’t, 
Water Works and Sewerage, Lima, Ohio. 


“Keeping Fresh Water Fresh” 
Constitutes a problem on many systems where 

water storage is provided to serve outlying dis- 
tricts with fire protection, whereas domestic de- 
mand is relatively sparse. A scheme for securing 
positive displacement of water through elevated 
tanks for the purpose of preventing Stagnation and 
water quality ea is des 
D. R. TAYLOR, 


Aurora, 
feather in 





Ill. 





Plant Sup'’t, 
Roanoke, Va. 
“Industrial Waste Treatment” 

Amongst coming articles on treatment of indus- 
trial wastes the next will deal with ‘Chemicals 
and Their Application in Industrial Waste Treat- 
ment.” .This constitutes one of a series being con- 
tributed by the author of the recently published 
text, “Industrial Waste Treatment Practices’’— 

E. F. ELDRIDGE, 
Mich. Eng. Expt’l Sta., East Lansing, Mich. 


“The Role of Bacteria in Corrosion” 

Is revealed in a report of studies and experimen- 
tation which most definitely points to the fact that 
living organisms play an_important part in cor- 
rosion of iron and steel. Evidence secured further 
conclusively reveals that corrosion and tubercuia- 
tion of water mains, and red-water or black-water 
in dead ends and sluggish flow sections in particu- 
lar, can be brought under control by checking 
bacterial growths in the film next to the walls of 
the pipes. The corrective tried successfully was 
that of maintaining residual chlorine in the water 
entering the corroding sections, this being more 
readily accomplished through ammonia-chlorine 
treatment. The work represents the most conclu- 
sive evidence yet produced that dead-end troubles 
are markedly intensified by, if not due almost in 
whole to, bacterial activity in the wall film on the 
pipe interiors and in bottom deposits. The author 


is— 
A. H. THOMAS, Chief Chemist, 
Research Laboratory, Middletown, Ohio. 
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% Recommendations * 


for a 
METER CONSERVATION 
Program 


1. Remove all meters after a cer- 
tain period of time or after a cer- 
tain total consumption, or combina- 
tion of both. 


2. Test them when brought into the 
shop for repairs, keeping a record 
of these tests. Test at rate of flow 
in gallons per minute. 


3. Repair them carefully, especially 
the chambers and gear trains, keep- 
ing a record of repair costs, both 
parts and labor. 


4. Test them after repairs, requir- 
ing a high percentage of registra- 


tion on a 0.25-g.p.m. flow. 





INCREASE WATER REVENUE | 


REDUCE OPERATING COSTS 


ROPER meter conservation, instead of increasing the cost of water to 

the consumer, has proved a means of minimizing such costs by reducing 
water works operating expenses . . . to the extent that in some instance 
water rates in the community have been substantially lowered, yet the 
water company has had funds to set aside for improvements and exten. 
sions of the system. 

Water companies, when starting a regular meter conservation pro- 
gram of testing and repairing, will find that they have been losing mud 
revenue due to under-registration of meters. Customers will no doubt 
complain of high water bills when meters have been restored to accuracy, 
but bills will decrease when formerly unsuspected leaks have been stopped 
and carelessness in the use of water has. been eliminated. Records kept 
will allow a much closer control over leakage losses which may occu 
from time to time. 

On the whole, the Water Departments will be paid for a much greater 
proportion of their pumpage. At the same time, pumpage will be mo 
terially reduced, resulting in a real saving in fuel and chemicals. Mul 
tiply such savings by thousands of small communities — savings in mo 
terials and in their production-hours released for WAR work —and you 
begin to visualize the Water Departments’ contribution towards helping 
win the war. 

Your experienced Trident representative will be glad to cooperate with 
you in your meter conservation program . . . and, in addition, you ar 
invited to write us for our new Booklet +597. It is a thorough and in- 
formative study of this important subject, based on actual practice. 
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the Sanitary District of Gary, 

Indiana, has now completed its 
first full calendar year of operation. 
This followed a preliminary tune-up 
period of about three months in the 
latter part of 1940. 

The plant went into operation on 
August 23, 1940, and complete treat- 
ment was started on September 17, 
1940. From two to three weeks addi- 
tional were required to build up an 


Tite sewage treatment plant of 





*The senior author has the distinction 
of being President of the American Water 
Works Association.—Ed. 
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activated sludge, so that normal op- 
erations really began early in Octo- 
ber, 1940. The Gary activated sludge 
plant is designed and equipped to 
dispose of garbage along with the 
sewage. However, in the first year 
of operation no garbage solids were 
handled so that the operating results 
herein discussed are those experi- 
enced in the treatment of a domestic 
sewage of about average strength. 
No industrial wastes that mate- 
rially affect its operations are reé- 
ceived at the plant, although one in- 
dustry dumps ferrous sulphate from 
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W. W. MATHEWS 
Superintendent 
SANITARY DISTRICT OF 
GARY, IND. 


steel pickling at two or three day in- 
tervals. That there is, however, con- 
siderable industrial load is evidenced 
by the 5 day B.O.D. averaging .244 
lb. per capita per day, approximately 
50 per cent more than the normal 
purely domestic sewage. 

In general, this article will be re- 
stricted to discussion of operating 
results. However, there are certain 
features of design and construction 
which are unique or believed to be 


‘sufficiently important in accounting 


for the excellent operating results to 
warrant special mention. 








Two Views of the Gary Plant 

Left: Power House and Pumping Station beyond the Primary Clarifiers; on left the Screenings House and Grit Cham- 

bers; in foreground the Aeration Control Gallery and Aeration Tanks. Right: Battery of 4 Primary and 4 Secondary 
Digestion Tanks in background; Aeration Tanks and 8 Secondary Settling Tanks with Sludge Beds beyond. 
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The Plant in General 


The treatment plant at Gary is de- 
signed to treat 40 MGD from a trib- 
utary population of 170,000. The 
sewage in 1941 had an average 5 day 
B.O.D. of 152 p.p.m. and suspended 
solids of 207 p.p.m. Plant facilities 
include the following: 

Screening—5 25-in. comminutors. 

Pumps—3 gas engine, 2 electric, 
total 90 MGD. 

Grit Removal—2 basins, equipped 
with screw type conveyor, 14% min- 
ute detention. 

Primary Settling—4 radial flow 
tanks, 1 hour detention. 

Aeration—10_ straight through 
spiral flow type tanks, fixed tube dif- 
fusers, 5 hour detention. 

Final Settling—8 radial flow tanks, 
890 G.P.D./sq. ft. 

Sludge Return—3 centrifugal 
units, 15 MGD. 

Sludge Digestion—8 tanks, 6 cu. 
ft./eap. (incl. garbage), 180,000 cu. 
ft. gas storage. 

Sludge Drying on Beds—2 sq. ft./ 
cap. 

Power Plant—2 gas engine rotary, 
3 electric centrifugal blowers, total 
35,000 c.f.a. 


ORYING 


SLUDGE 
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Garbage Grinding—2 units, 20 


T./hr. 

From the flow sheet through the 
plant it will be noted that the plant 
layout is unusually compact and the 
direction of flow maintained from 
the point where the sewage first en- 
ters the plant to its final discharge 
into the Grand Calumet River. This 
compactness of layout and the direct- 
ness of flow are in large part re- 
sponsible for the low construction 
cost of approximately $43,000 per 
MGD capacity, a figure considered 
especially low in view of the liberal 
and special features of design which 
are discussed at a later point. 

The present population of Gary is 
approximately 115,000 people. The 
plant is designed for 170,000 people 
with a sewage flow of 40 MGD. Prior 
to the depression, Gary’s growth av- 
eraged 5,000 people per year. Within 
the past few months it has again 
taken a steep upturn due to the great 
activity in the steel mills and re- 
lated industries. For a city which 
has grown from barren sand dunes 
to over 100,000 people in 25 years, 
liberal design bases were indicated. 
Further, industry attracts industry 
and the design and installation rec- 
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ognize the possibility of rapid ex. 
pansion in industrial load at Gary, 


The Power Plant 


The power plant structure houses 
the comminutors, pumps and blow- 
ers. The sewage pumping equip- 
ment consists of two electric motor 
driven Worthington pumps rated at 
15 MGD each and three gas engine 
driven units (Worthington pumps 
and engines) rated at 20 MGD each. 
Total pumping capacity is 90 MGD. 
The speed of the gas engine driven 
pumps is regulated by the elevation 
of the sewage in the suction channel 
through float connection to the throt- 
tle. The delivery varies from 15 to 
25 MGD per unit in normal opera- 
tion. 

Five air blowers are provided with 
a total capacity of 35,000 cu. ft. per 
minute. Two of these are gas engine 
driven rotary, displacement type 
(Roots Connersville blowers, Cooper 
Bessemer engines), with a total 
capacity of 14,000 cu. ft. per minute 
(.5 c.f.a. per gallon at plant rating). 
The other three are of centrifugal 
type (Elliott Co.) of 5,000, 7,000 
and 9,000 cu. ft. per minute, respec- 
tively. There is large reserve capac- 
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FLOW DIAGRAM,€ GENERAL LAYOUT 
GARY SEWAGE TREATMENT PLANT 





Flow Sheet of the Combination Sewage and Garbage Disposal Plant of Gary 
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ity in both pumping and compressor 
installations, a reserve believed espe- 
cially desirable in a rapidly growing 
industrial area. 

The offices and laboratory are lo- 
cated in the power plant building on 
the second floor directly above the 
pumping installation. On account of 
this utilization of a part of the power 
building for offices and laboratory, 
acoustical ceilings are provided in 
the compressor and pump rooms and 
all gas engine equipment and dis- 
placement type blowers are mounted 
on vibration dampers. As a result 
the offices and laboratory are quiet 
and well adapted for the use to which 
they are put. This occupancy would 
be impossible without the sound 
deadening and vibration dampening 
installations. 

Gary being a steel and cement city, 
the architectural design was devel- 
oped to utilize those materials to 
their fullest advantage. The build- 
ing, which is 240 ft. in length, is en- 
tirely of monolithic concrete, heavily 
reinforced with no expansion joints. 
The main entrance doors are of stain- 
less steel. 

The aeration tank control house, 
300 ft. in length, and the garage and 
heater buildings -are also of mono- 
lithic concrete. 


Sludge Digestion Liberal 


Eight sludge digestion tanks, each 
90 ft. in diameter by 20 ft. sidewall 
depth, are provided. This capacity is 
equivalent to 6 cu. ft. per capita. Of 
this capacity, approximately two- 
thirds is provided for the digestion 
of sewage solids and the other third 
for garbage solids. Five of these 
tanks are operated as primary tanks. 
These have fixed covers, Dorrco 
stirring devices, and fixed heating 
coils. The remaining three tanks, 
operated as secondary tanks, have 
floating covers, each with gas stor- 
age of 60,000 cu. ft. A sludge con- 
trol house is located between each 
pair of tanks. It houses measuring 
and sampling equipment and the 
piping essential to stage operation 
of digestion. 


Aeration Tanks 


The aeration tanks are ten in num- 
ber of the straight flow through 
Spiral flow type. Air is supplied 
through fixed ‘tube diffusers. (Chi- 
cago Pump Co., Carborundum Co. 
“Aloxite” tubes.) Operating expe- 
rience to date has been most satis- 
factory. On one occasion when fine- 
ly pulverized mineral wool from a 
silencer on the blower got into the 
air piping system and into the tubes, 
the advantage of having tubes easy 
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Front of the Main Building 
Reveals Effective Use of Architectural Concrete. 


to remove and clean was quickly 
demonstrated. The distribution of 
air has been at all times excellent. 


Garbage Grinding 


The Sanitary District of Gary is 
obligated to dispose of the garbage 
as well as the sewage. However, to 


' date, due to the fact that the City 


of Gary is already equipped for the 
collection of garbage, the transfer 
of the garbage collection and dis- 
posal to the Sanitary District has 
not yet been made. Two Jeffrey Mfg. 
Co. grinding units each of 10 tons 
per day are installed for mascerating 
garbage which is to enter the sewage 
flow just ahead of the treatment 
plant. 


No Underdrainage 
For Sludge Beds 


The sewage treatment plant site is 
entirely of fine lake sand, having an 
effective size of from .10 to .15 m.m. 
The surface of the sludge beds is 
located about 5 ft. above the ground 
water plane. No underdrainage is 
provided. The sludge drains readily 
with the water passing direct to the 
ground water in the sand. No evi- 
dence of any clogging is observable. 


Buoyancy Relief for Tanks 


The fine lake sand at the plant site 
has a depth of 50 ft. or more. The 
bottom floor slabs of most of the 
tanks are located about 10 ft. below 
the ground water level. To prevent 
flotation when empty, each tank so 
located is provided with upward pres- 
sure relief consisting of 2-in. well 


points, 36 in. long, with the screen 
in the sand below the floor, the con- 
necting pipe imbedded in and ex- 
tending through the floor and capped 
at the inside floor line with a check 
valve permitting inflow and prevent- 
ing outflow. These have operated 
very successfully. They greatly re- 
duced the concrete quantities other- 
wise necessary to prevent flotation 
and cracking of floors. 

Piping of Steel 

Practically all piping through the 
plant is of steel construction with a 
minimum thickness of shell on sizes 
6 in. and larger of % in. All pipe 
was protected by a spun bituminous 
coating on the inside averaging 3/16 
in. in thickness, and by bituminous 
coating and asbestos wrapping on 
the exterior. 

Comprehensive articles describing 
the Gary plant in detail have ap- 
peared in various technical publica- 
tions (1) (2) (8) (4). 

In discussing the plant operations, 
the sequence follows the sewage flow 
through the plant. 


Screenings 


All sewage entering the plant 
passes through a bank of five Chi- 
cago Pump Co. comminutors, all in 
parallel and each in a separate chan- 
nel provided with hydraulic operated 
sluice gates at each end. The num- 
ber of comminutors in operation 
depends upon the rate of flow and 
varies from two to five. The com- 
minutors mascerate the coarse solids, 
very little material being retained in 
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the pits upstream. During 1941 the 
screenings removed manually aver- 
aged just under 0.10 cu. ft. per mil- 
lion gallons. Most of the material 
so removed is grit which settles out 
in the pits with rags, rubber balls, 
golf balls, tree branches, etc. No at- 
tempt is made to classify and tabu- 
late each material separately. Clean- 
ing of the pits is done when inspec- 
tion shows it is required and, de- 
pending upon runoff, may vary from 
a few days to as much as two weeks. 

The comminutors have given 
trouble free operation. The solids 
which are cut into fine particles set- 
tle readily with the other sewage 
solids. No excess scum has been no- 
_ticed on the settling tanks as a result 
of their operation. It is apparent, 
however, that the rotating elements 
must be kept sharp at all times for 
efficient operation. 


Grit Removal 


Grit is removed by two Link-Belt 
Co. Straight Line collectors equipped 





with screw conveyors. The amount 
removed is less than would be ex- 
pected from a combined system of 
sewers in the sandy terrain prevail- 
ing around the southern end of Lake 
Michigan. Total grit removed per 
million gallons averaged 3.51 cu. ft. 
Undoubicedly some of the grit is car- 
ried into the sewer system through 
cracks in several of the old brick 
sewers. Records show that after sus- 
tained rainfall with a subsequent 
raising of the ground water table 
and increased infiltration, the grit 
continues to come to the plant at 
above the average rate for some time 
after surface runoff has ceased. This 
has continued for as much as a 
month after the last rain storm. The 
ground water table apparently sta- 
bilizes at a minimum elevation dur- 
ing a dry period, and when this con- 
dition obtains, the flow reaching the 
plant is approximately twice the 
water works pumpage. 

Putrescible matter in the grit av- 
erages 4.3 per cent with maximum 


The Pump Room 
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of 10.2 and minimum of 0.77 per 
cent, respectively. Grit analyses are 
run weekly. An industrial railroad 
is used to haul the washed grit to 
low ground, where it is used as {iJ}. 
No nuisance results. 


Primary Clarification 


Due to ground water infiltration 
noted above, the sewage reaches the 
plant quite diluted. The average eff- 
ciency of suspended solids removal] 
in the primary clarification tanks js 
44 per cent. The average removal of 
5 day B.O.D. is 37 per cent. These 
reductions are influenced by a degree 
of coagulation in the primary clari- 
fiers due to the ferrous sulphate dis- 
charged at intervals into the sewer 
system. When iron is _ passing 
through the plant, suspended solids 
reductions have been as high as 95 
per cent, while reductions of 80 per 
cent are common. Average per cent 
reductions in suspended solids for a 
typical month, considering those days 
only on which ferrous sulphate was 


In foreground—Two 15 M.G.D. Worthington Pumps driven by 125 h.p. motors. Beyond—Three 175 h.p. Worthington 
Gas Engines driving 20 M.G.D. Worthington Pumps. 
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not discharged, was 31 per cent. 
Four 75 ft. square Dorr clarifiers 
(Sifeed radial flow type) are used 
for primary clarification. The aver- 
age retention period for 1941 was 
2.06 hours. Apparently the varia- 
tion in removals of suspended solids 
and B.O.D. by the primary tanks has 
little effect on the quality of the final 
effluent or the air required to secure 
a satisfactory effluent. 


Aeration 

Aeration is in spiral straight 
through flow type aeration basins 
equipped with “Aloxite” diffuser 
tubes staggered on 16 in. centers on 
a fixed steel air header varying from 
12 in. to 6 in. in diameter Basins 
are 300 ft. long, 30 ft. wide with 16 
ft. water depth. Tubes are located 
2 ft. above the basin floor. The tubes 
occupy a strip approximately 6 ft. 
wide along one side of each 30 ft. 
width basin. Tubes are 3x24 in. with 
permeability rating of 40. The spiral 
flow has kept the floor swept clean. 

The number of aerators used has 
been either four or five, giving re- 
tention periods (monthly averages) 
of from a minimum of 3.56 hours to 
a maximum of 5.18 hours. Reten- 
tion figure is computed, including re- 
turn sludge. Air consumption has 
been from 0.44 cu. ft. per gallon to 
0.61 cu. ft. per gallon of sewage. 
Each basin has individual air, return 
sludge and sewage meters. All piping, 
meters and recorders are located in a 
control house. 


Mixed Liquor Solids and 
Return Sludge Rates 


It was noted soon after starting 
operation that if the rate of return 
sludge was not held above 25 per cent 
of flow reaching the plant, septic 
conditions would develop because of 
sludge remaining too long in the 
secondary settling tanks, causing 
bulking. The practice now is to main- 
tain the more rapid rate of return 
sludge, somewhat in excess of 30 
per cent of flow. Average rate of 
return for 1941 was 29.7 per cent. 
Average rate of waste to primary 
clarifiers was 3.5 per cent of return 
sludge. Solids carried in the aera- 
tion tanks (monthly averages) have 
ranged from a low of 1,160 to a high 
of 1,855. Apparently by carrying 
1,500 and 1,000 p.p.m. in the winter 
and summer, respectively, the best 
results ensue at Gary. 

The following tabulation shows the 
principal operating data for the aera- 
tion tanks during each month of 
1941, 
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Roots-Connersville Blowers and Cooper-Bessemer Engines at Closer Range 


Ave. Air 
Ave. Input 
B.O.D. p.p.m. Cu. 
Month Raw Prim. Eff. Ft./Gal. 
Me coesnees 112 93 0.53 
WO 6.5. cee 144 110 0.61 
PS octets 214 145 0.56 
Pre 181 121 0.51 
BEE Py cidise ys 151 119 0.53 
De ae 124 80 0.51 
GED 6-0 ckioncas 184 96 0.44 
ee 170 121 0.55 
PN 6: dre: Seen 194 92 0.70 
ORs iss acics 115 53 0.44 
TOONS a ctrnice 124 49 0.36 
es. Sotciwss 114 74 0.44 
RVs ese 152 96 0.52 


Limited Bulking Experience 


Bulking has not occurred to date 
except during the first months of 
preliminary operation, and this was 
due to sludge remaining too long 
away from air in the secondary clari- 
fiers. Periods of sustained drought 
have not affected the operation so 
that bulking occurs, as observed at 
some plants. While slightly more air 
may be used in the hot dry months, 
this was used to keep the dissolved 
oxygen up at the end of aeration. It 
has been determined that if dis- 
solved oxygen in excess of 2 p.p.m. 
is maintained at the end of aeration, 
bulking will not occur at Gary. In 
passing over the weirs of the sec- 
ondary clarifiers from 2 to 3 parts 
additional oxygen is absorbed from 
the air. Aeration, however, is not 
carried on with the idea of main- 
taining 2 p.p.m. minimum at the end 
of aeration, and except in the dry 
months it will average approximate- 
ly twice this amount. At Gary one 
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Ave. p.p.m. 
Ave. Solids Effluent p.p.m. 
Hrs. Re-__in Aer. Ave. Ave. 
tention Tanks B.O.D. D.O. 


4.5 1303 15 6.0 
4.7 1710 8 6.0 
4.52 1855 9 5.8 
4.13 1630 5 5.9 
4.3 2019 9 5.1 
4.18 1470 7 7.1 
3.78 1460 12 3.5 
4.73 1160 9 3.6 
5.18 1368 12 4.4 
3.69 1426 7 5.5 
3.56 1573 7 7.5 
4.26 1714 4 6.8 
4.29 1557 9 5.6 


gas engine driven blower, operated 
at from 86 to 91 per cent of capac- 
ity, will on the average furnish from 
0.4 to 0.5 cu. ft. of air per gallon 
of sewage. Rate of air supply is not 


‘changed during the day -or week, 


although the blower has been slowed 
down to the lower rate at times of 
excessive runoff when tests show a 
surplus of oxygen at the end of 
aeration. 


In March, 1941, a short experi- 
ment was conducted to induce bulk- 
ing. For 12 days the solids were 
allowed to build up gradually to 
2,800 p.p.m. with the air supply held 
to between 0.5 and 0.6 cu. ft. per 
gallon. The dissolved oxygen at end 
of aeration dropped from 4.0 to 0.4 
p.p.m. and bulking appeared first in 
one of the eight secondary tanks. 
Rate of return sludge pumping was 
stepped up, sludge wasted 100 per 
cent to primary tanks to reduce 
solids in the aerators, and the air 
supply increased for 24 hours to 0.6 
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cu. ft. per gallon. The bulking did 
not spread to the other tanks and 
solids were dropped back to 600 
p.p.m. and then built up to about 
1,500 p.p.m. Normal operations were 
then resumed. 

The usual procedure followed if 
the secondary effluent does not look 
quite as clear as usual is to waste 
slightly more sludge to the primary 
tanks and at times increase the rate 
of aeration. Bulking has not oc- 
curred enough yet to enable us to 
say positively at this time what steps 
will tend to correct it. It would 
appear, however, that the sewage 
treated at the Gary plant is of a 
character that does not cause the 
treatment process to be sensitive 
with bulking resulting from slight 
changes in the makeup of the sewage. 

After observing the effect of va- 
rious amounts of DO in the mixed 
liquor and in the final effluent and 
the appearance of the final effluent 
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under different conditions, if bulk- 
ing should occur, the first steps 
taken would be to reduce the sus- 
pended solids content of the mixed 
liquor, increase the rate of return 
sludge pumping, and increase the 
amount of air. With the flexibility 
and reserve available at Gary, all of 
these can be quickly accomplished. 


During January, 1942, the sludge 
index (Standard Methods) increased 
sharply almost coincidental with a 
sharp drop in temperature. Oper- 
ating routine was not changed prior 
to this time or during the period in 
question. The index went from a 
low of 106 to a high of 583. An in- 
dex number of 583 would ordinarily 
indicate a bulking sludge with solids 
carrying over the weirs in the sec- 
ondary clarifiers. It is evident that 
there was a swelling of the sludge, 
but on the day of highest index 
number the suspended solids reduc- 
tion was 99 per cent and a 5 day 





TREATMENT PLANT 1941 









B.O.D. reduction of 97 per cent. On 
this particular day the suspended 
solids in the raw sewage was 172 
p.p.m. and the corresponding B.O.D. 
was 143 p.p.m., so that there was 
not a high initial total of either 
solids or B.O.D. to start with in 
computing percentage reductions. 
This high sludge index continued 
throughout the month for an aver- 
age of 371; the solids and B.O.D. 
reductions for the month were 98.7 
and 96.9 per cent, respectively. 
Nothing was done to try and reduce 
the index number and it has grad- 
ually receded to a low of 104 and a 
high of 382; in February suspended 
solids and B.O.D. reductions were 
98.0 and 96.4 per cent. 

Bulking sludge, as ordinarily rec- 
ognized, is a sludge with a specific 
gravity so near that of water that 
the slightest current in a secondary 
settling tank will cause it to flow 
over the weirs. In the case noted 
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Blower Room 


In foreground—Three Motor Driven Elliott Centrifugal Blowers of 5000, 7000 and 9000 C.F.M. capacities. In back- 
ground—Two Roots-Connersville Blowers, of 7000 C.F.M. capacity each, direct driven by two 300 h.p. Cooper-Besse- 
mer Gas Engines. 
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above, while the spacific gravity (not 
determined) was lower than in the 
month of November, with a sludge 
index which averaged 77 (range of 
66 to 94), the sludge was still heavy 
enough to prevent its being carried 
over the weirs. Detention in the 
secondary clarifiers during the month 
of January was 3.44 hours, the set- 
tling rate 504 G.P.D. per sq. ft. and 
the overflow rate 7.3 G.P.M. per lin. 
ft. of weir. Undoubtedly these lib- 
eral capacities were reflected in the 
bulking experiment. 


Return Sludge Pumping 


The rate of return sludge pump- 
ing is maintained at as nearly a 
constant rate as possible which will 
give a return of from between 30 


and 35 per cent. Any slight fluctua- 
tion in the daily percentages are due 
to variations of sewage flow. Waste 
sludge is returned to primary tanks 
when there is a build-up of solids 
in the aerators higher than it is 
thought desirable to carry. It is 
more convenient from an operating 
standpoint to waste at a fixed rate 
during part of a day only than to 
practice wasting continuously. At 
times no sludge will be wasted for 
two or three days. This intermittent 
wasting has no apparent effect on 
the efficiency of the treatment proc- 
ess as far as we have been able to 
observe to date. Return sludge pumps 
are Fairbanks, Morse & Company 
centrifugal motor driven type, with 
total capacity of 10,500 GPM. 
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One of the Aeration Units 
Showing the method of staggering “Aloxite’ Diffuser Tubes above the 
floor. These diffusers have proven their worth in regards ease of removal 
and cleaning. 











Secondary Settling 


There are 8 secondary settling 
tanks, 75 ft. square, designed to give 
a 2 hour retention period at a 40 
MGD rate. Tanks are the Sifeed, 
radial flow type of Dorr Co. In or- 
der to prevent ice troubles during 
cold weather, all tanks have been 
operated during the winter months, 
giving a retention period of as high 
as 4.10 hours and an average for the 
year of 2.92 hours. The correspond- 
ing settling rate is 615 gallons per 
day per square foot. The design 
weir overflow rate is 60 ft. of weir 
per MGD of sewage. The long set- 
tling period (low flow through 
velocity) and liberal overflow weirs 
undoubtedly contribute towards 
maintaining a low solids content in 
the final effluent. 


The following tabulation shows the 
consistency of the results: 


Per Cent 
Ave. p.p.m. Suspended 
Suspended Solids 
Solids in Reduction Raw 

Mo. Effluent to Effluent 
. a ee 26* 81.0* 
ae 8 94.8 
Mar. .... 10 95.2 
a 6 97.4 
eee 4 98.2 
eURS 2.6: 5 97.8 
: re 10 95.8 
ee 2.4 98.7 
Sept 5.1 98.1 
rae 5.6 97.7 
Nov. 8.4 94.7 
Dec. 122 96.8 
Ave. for 

Yr. i... WA 95.52 
Ave. excl. 

ae 7.0 96.8 





*Affected by heavy oil discharged to 
sewers. 


Sludge Digestion 


Sludge digestion is in eight tanks, 
five primary and three secondary. 
The secondary tanks are equipped 
with floating gas holders of 60,000 
cu. ft. capacity each. All tanks are 
90 ft. in diameter with side depths 
of 20 ft. Primary tanks are heated 
and have concrete roofs. Tempera- 
tures are maintained as near 95 de- 
grees F. as possible with the heat 
available from gas engine operation. 
Capacity of digesters is 6 cu. ft. per 
capita on the design basis of 170,- 
000 population. Mixed crude and re- 
turned sludge is pumped from the 
primary clarifiers to the primary 
digesters in rotation, hours of pump- 
ing depending in general upon the 


amount of solids coming to the plant. ° 


After storms pumpage has been as 
much as 6 hours per shift per tank. 
Normally with average flow the 
pumpage will be about 2 hours per 
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Picturing the Excellence of Aeration and Evenness of Air Distribution from 
the Fixed Tubular Diffusers 


shift per tank. In some instances 
sludge has also been pumped to sec- 
ondary digesters in order to get rid 
of excess solids more rapidly. 

No difficulty was experienced in 
starting sludge digestion. Ground 
water used to test tanks by the con- 
tractor having a pH of 7.3 stood at 
a depth of 5 ft. in the tanks when 
sludge pumping was started. Two 
digesters were filled first and heat 
at this time was supplied by a 300 
H.P. gas engine driving a Roots- 
Connersville 7,000 C.F.M. blower op- 
erating on city gas. Lime was used 
to control pH and a total of 12,150 
lbs. was used in conditioning the 
five primary digesters. Foaming did 
not occur at any time and the tanks 
finally stabilized at pH 7.1. This has 
varied slightly during the period of 
operation, dropping at time of ex- 
cessive pumpage to pH 6.7 but no 
more lime was added at these times. 

Supernatants overflow to the in- 
fluent sewer. At Gary with efficient 
stage digestion the supernatants 
have not had any apparent effect on 
the treatment process. At times, 
after several months’ operation with- 
out draining to sludge beds, the su- 
pernatants will show excessive 
amounts of solids due to both solids 
and temperature build-up in the sec- 
ondary digesters. These solids are 
inert and carry alow B.O.D. Average 
B.O.D. and suspended solids content 
of supernatants from the three sec- 
ondary digesters over a period of 8 
months was 191 and 914, respective- 
ly, compared to 154 and 202 in the 
raw sewage. Quality of supernatants 
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can be improved quickly by partial 
draining of secondary digesters and 
using final effluent to replace quan- 
tity drained to drying beds. 


Gas Production 


Gas production has exceeded ex- 
pectations. Treating a domestic sew- 
age from a tributary population of 
100,000, an average daily production 
of approximately 100,000 cu. ft. 
would be all that would ordinarily 
be expected. Average daily produc- 
tion at Gary during 1941 was 146,- 
156 cu. ft. Yearly averages for-sus- 
pended solids and B.O.D. in the raw 
sewage were 207 and 152, respec- 
tively. 

The following table shows the va- 
riation in gas production during the 
year. 





another month. Over the remainder 
of the year the percentage of gas 
pumpage ranged from 44.5 to 73.6 
per cent per month. For blower 
power there were 5 months at 109 
per cent, 3 months over 97 per cent 
and 2 months over 90 per cent. The 
remaining two months were at rates 
of 87.1 and 89.1 per cent, respective. 
ly. Translating the above into value 
of commercial gas, based on a c¢on- 
tract with the local utility, the 
amount used during the year would 
have cost $22,771.07. This visualizes 
the economy of installing equipment 
for producing and utilizing sludge 
gas in a way which the taxpayers 
quickly grasp. 


Industrial Wastes 


As noted earlier, there is only one 
industry that discharges what would 
ordinarily be termed objectionable 
industrial waste into the sewer sys- 
tem. This is a small steel plant lo- 
cated some five miles east of the 
treatment plant, which dumps ap- 
proximately 29,000 gallons of acid 
pickling liquor per month. : 

The waste comes from tubs having 
capacities of 2,000, 3,000, and 6,000 
gallons capacity each. These tubs 
are emptied at irregular intervals, 
but on the average one is dumped 
every three or four days. If the to- 
tal quantity disposed of could be fed 
in the sewer system uniformly 
throughout the year the iron would 
average 414 p.p.m. Grab samples 
taken as the liquor passes through 
the plant shows total iron content 
as noted below. (These are approxi- 
mate averages only and vary wth 
the rate of flow when dumping oc- 
curs and also with the size of tub 
dumped.) A drop in pH of from 7.2 
to 6.9 in the raw sewage occurs as 
liquor passes through the plant. 


Ave. % Volatile Solids 





Daily Ave. Digested Ave. c.f. Gas 

Month c.f. of Gas Raw Sludge Sludge Per ¢ Vol. 
RG? dik dia ee 130,480 7 eee oan 
aaa 165,700 69.0 10.3 
NR Sr ances bce acas 158,677 67.2 Beale 11.9 
ES Weslaco ones 156,600 7 54.0 penal 
ME. esinges ees 159,000 + 56.0 ies 
GE iademee an 134,650* 51.2 eye 9.6 
MONEE. 6. <a Distwcomidiace 151,120 58.3 51.0 9.7 
pO res 155,600 57.5 reals 8.6 
ee 146,030 54.5 51.4 9.3 
Ne ae 144,400 52.9 45.1 5.0 
| ALS ee ee 119,107 55.1 41.0 8.2 
RE rae 132,507 53.2 sr 7.9 
ANGEEMO «60022: 146,156 woes 8.9 

*Excessive rainfall with “washouts” following. 

+Muffle furnace out of commission. 

With liberal gas production it was Location of 
possible to furnish power for pump- Sample p.p.m. Iron 
ing 100 per cent for three months, Raw. EP rer eer ee 310 

. 99 ver cent for two other Clarified Sewage .......... 160 
— P Misted EAWGOr 2... cc. cee ses 140 
months and over 96 per cent for Final Effluent ............. 85 
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The effect of the iron has been no- 
ticed through a gradual build-up in 
pressure on the blower system. This 
ig not rapid, but takes place usually 
in from three to four months. With 
clean tubes the pressure is about 7 
psi and when 8 psi is reached the 
tubes are cleaned with a 10 per cent 
solution of sulphuric acid. 

The pickling liquor mixes thor- 
oughly with the sewage in traveling 
to the plant, and four lateral inter- 
ceptors dropping into the main sewer 
tend to give a thorough mixing. It 
is doubtful if this waste could be 
treated if the industry was located 
only a short distance up-sewer from 
the plant. 

Summary of Operating and Analytical 
Data for 1941 


Item 

Population Served ............ 100,000 
Average Daily Flow (M.G.D.). 19.37 
Suspended Solids p.p.m. 


_ RRA Pace ma rarae rare ae 207 

SS SR ee rare eae 109 

RS ee 8 
Suspended Solids Reduction Per 

EN oe e cc iatel ole <i47e a aele ota 6.11 
5 Day B.O.D. p.p.m 

NS ct nd ee oiar ease Me BOE 152 

Re ea eee ae 96 

Final Efiuent ....:..... Rideiere 9 
5 Day B.O.D. Reduction Per 

a SR a eee Rae ae ee 94.31 
Average Daily Gas Production 

OE ane eae 146,156 
Average Retention Periods. 

Hours 

Primary Clarification ....... 2.06 

Aeration Pere « ..ciciccccs. 4.29 

Secondary Settling ......... 2.97 
Average Sludge Index........ = 86.4 
Return Sludge Pumped, Per 

WMG win ieteciareaig inan! Helenaaeckis 29.70 


Average Solids in Mixed Liquor 1,557 
Average Air Per Gallon of 


EEE PE ee 0.52 
Lbs. B.O.D. Removed Per 1000 

oo ae EE Re res ete 1.45 
Air per Lb. of B.O.D. Removed 690 
pr Haw Sewa@e. ...<cccsecees y Pe: 
“Re eee eee 12 
“ 82 Bo. ae 7.3 
Operating Cost per Million Gal- 

RS eee eer - Oe ey $ 9.16 
Operating Cost per 1000 Lbs. 

B.O.D. BeMOVOE 25 oc sccuss $ 17.83 
Operating Cost per Capita..... $ 0.648 
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Aeration and Sewage Distribution Control Gallery 


Operating Personnel 


The operating force at the Main 
Plant at the present time is as fol- 
lows: 


Superintendent 
Assistant Superintendent 
Chief Chemist 

Assistant Chemist 

Clerk 

Chief Operator 

Pump and Blower House Operators 
Outside Operators 
Maintenance Men 
Grounds Men 

Laborers 

Janitor 


~) 
RS | aE OO a ee 


Total Employees 


Additional temporary laborers will 
be required at times to clean sludge 
beds. One additional full time em- 
ployee operates two sewage lift sta- 
tions in the southern part of the city, 
and one of the employees from the 
Main Plant operates the Imhoff 
Trickling Filter Plant, and a small 


» (4 


lift station nearby on one-half of his 
time. 


Administration 


The Gary Sanitary District was 
organized in 1938 under The In- 
diana Sanitary District Act of 1917. 
Administration is under a Board of 
Three Sanitary Commissioners. 
Present Board members are W. P. 
Cottingham, President (who is also 
City Engineer of Gary), Boyd E. 
Phelps, Vice President, and Otto V. 
Gray, Secretary. 
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The effects of the sustained 
drought, sparcity of metering, and 
the consideration of what may hap- 
pen to New York City’s water sup- 
ply are responsible for these warn- 
ing posters being placed in every 
subway car in New York’s vast sys- 
tem of underground railroads—for 
millions to take notice. 

These posters, printed in conspic- 
uous red, white and blue, read as 
follows: 







The Result of Drought 
and War 





+YOUR WAR TIME, 
D 


‘waste not..want rot 





rtage Acute 
water shortage 


WATER NO 
re CONSERYE coning later. 


DO NOT WASTE WATER 


REPAIR ALL LEAKING FIXTURES AT ONCE 
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YOUR WAR TIME DUTY 
Water Shortage Acute 


Conserve water now and avoid 
rationing later. 


Repair all leaking fixtures at once. 
Dept. of Water Supply, Gas and 
Electricity. 

F. H. LaGuardia 
Mayor 
Patrick Quilty 


Commissioner 






































neglected of the routine opera- 

tions in a water works system 
is the care and maintenance of gate 
valves. In some of the larger cities 
there are maintenance crews cre- 
ated particularly for this type of 
work. The crew is generally made 
up of some of the older men who are 
experienced in this work, due to 
their long service with the depart- 
ment or the water company. 


They are furnished with a truck 
equipped with all the necessary tools, 
wrenches and spare parts, and they 
may also have built into the truck a 
mechanical operating device to open 
and close the gate valves. Smaller 
towns are more often than not un- 
able to give proper attention to their 
gates, due primarily to lack of suf- 
ficient man-power to do this work 
and carry on the many other essen- 
tial activities common to a water 
works plant. 


My water works experience goes 
back over a period of 27 years. Dur- 
ing that time I have located, meas- 
urea and plotted onto cards and maps 
every nydrant, gate valve, and all of 
the pipe in our system. I have opened 
and closed every gate valve many 
trmes. It was 20 years ago that we 
nrst had a water waste survey made 
of our system and, as many know, 
this necessitates the opening and 
closing of essentially every gate 
valve in the system. This type of 
work we have continued every second 
year since, which affords added op- 
portunities of locating and operating 
all of our gate valves. 


4 he commonly, one of the most 


Main Flushing Reveals 
Gate Valve Conditions 


Occasionally our piping system is 
entirely flushed out, street by street, 
and this again means the operating 
of nearly every gate valve, and some 
have to be opened and closed several 
times during this flushing operation 
if properly conducted. 

From this work experience is 
gained in the knowledge of what to 
expect of gate valves and the reme- 
dies that are used in perfecting their 
operation. 
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GATE VALVES 


Their Care and Maintenance 


By ROGER W. ESTY 
Superintendent 
WATER AND SEWER BOARD 
DANVERS, MASS. 





The Author 








One of Our “Venerables” 


We have been a going concern since 
1876. It so happens that under this 
cover the gate is also an original. 





As stated in the opening sentence 
of this article—all too commonly 
one of the most neglected of the rou- 
tine operations in water supply sys- 
tems is the matter of proper care 
and maintenance of gate valves. It 
is another case of “out of sight is out 
of mind.” Because they are in sight 
and more apt to be used, fire- 
hydrants receives, on the whole, far 
more and better attention than do 
the underground “forgotten men” of 
the water works system. 

Knowing Mr. Esty’s views, experi- 
ence and practices at Danvers in the 
care of valves and his motto— 
“KNOW YOUR GATE VALVES!” 
—he was prevailed upon to write 
this article. 

Before the recder reaches the end 
of this contribuiion towards better 
water works operating practices we 
are sure that r¢ will be agreed that 
we made no mistake in our selection 
of the author. 




































































Stiff Operation a Main Trouble 


One of the main difficulties, if not 
the main difficulty, we find with gate 
valves is that they turn hard. As 
years go on, if such valves are not 
operated occasionally they become 
more difficult to operate and in some 
cities and towns it takes two men, 
or even as many as four and six men, 
to close down a gate valve even dur- 
ing a testing period. 

My experience does not go beyond 
a 20-inch gate valve, but it seems to 
me that the same principles and 
characteristics are applicable to all 
sizes. 

A great deal of the indifference 
toward gate maintenance can be 
traced to the swivel chair operator. 
By that I mean the man in charge of 
the water works who has never ex- 
perienced the opening and closing of 
all of the gate valves in his system. 
If he made tests of his system, such 
as a water waste survey, and had to 
work all night opening and closing 
these gate valves himself, he would 
soon issue an order to do something 
about making them operate easier. 
But generally, it is below his dignity 
to leave his swivel chair to do this 
type of work, to find out first hand 
the physical condition of his system. 
He doesn’t care; he doesn’t have to 
operate them; let the men do it, 
even if it does take two, four or six 
to do the job. 


The Remedy 


What are the difficulties we en- 
counter; what causes them, and how 
can they be remedied? Why should 
it take four men to close a gate valve 
when one man should do it? 

Why do stems get bent and 
broken? What is the cause of all 
this? Is it because the mechanism is 
not correct in design, or that the 
mechanism is not made heavy 
enough? I feel that the manufactur- 
ers as a general rule put on the 
market a gate valve that will meet 
all reasonable conditions according 
to our water works standard speci- 
fications. However, I do think the 
manufacturers do lose sight of one 
very important factor, and that fac- 








Valve Box Settings 


On the left is a setting as it is pic- 
tured in catalogs, and generally in- 
stalled. To my way of thinking the 
method of putting the valve nut-up in 
the contracted section is improper. On 
the right is a suggested better way for 
the several reasons cited in the text. 
Possibly this may suggest an advan- 
tage to be gained in an improved design 
of this type of box to give better over- 
all service. 


tor is the packing, and in my opinion, 
if improper or neglected packing is 
not the direct cause, it is at least 
the seat of 90 per cent of all gate 
valve troubles. 


Many ask, why does the packing 
have such an important bearing on 
the ease of operation of the gate 
valve. Well, the packing gets dry 
and hard as the years go on. This 
dry packing acts as a brake on the 
valve stem, 


Take, for instance, your automo- 
bile—the brake linings are dry and 
the brake drum of the wheel is 
smooth and dry. When the pressure 
is exerted against one another it 
creates friction and this friction cre- 
ates your braking or stopping power. 
Sometimes at high speeds this fric- 
tion actually locks the wheels and 
causes fatal accidents. 

On the other hand, pack the brake 
drums with grease and then attempt 
to stop your car. The grease elim- 
inates the friction, therefore there is 
no friction created to stop your car. 

Take a rope and wind it around an 
inch pipe three or four times and 
draw it tight and then attempt to 
turn the pipe. You will find you 
can’t do it. Then grease the rope 
thoroughly and you will find that 
you can turn the pipe very easily. 
Try it for your own satisfaction. 

Did you ever try holding an eel in 


GATE VALVES 


your hand? If you have, you prob- 
ably found that it was nearly impos- 
sible to hold it because it was so 
slippery. If you can get your gate 
valve stem and -packing in the slip- 
pery condition you find the eel, you'll 
have no more hard turning gate 
valves. 

However, there is a difference in 
the mechanism in some of the gate 
valves and one make may operate a 
little different than another make 
when new. But on the whole, mod- 
ern gate valves should operate more 
or less in the same easy manner. 


A Case of Proof 


Several years ago, while making a 
water waste survey during nights, 
we came across a 12-inch gate most 
difficult to operate. It took the com- 
bined efforts of two of us to open 
and close the gate. The next day I 
had the gate dug up and repacked. 
It seems hardly believable, but it 
could then be turned with just one 
finger against the cross-bar of the 
gate key. 

Such ease of operation surely saves 
breaking or bending the valve stems 
and makes the operation of the gate 
a pleasure instead of a dreaded job. 


Some Packing Pointers 


On many of our gate valves and 
nearly all of our hydrants we have 
removed the original braided pack- 
ing and inserted a metallic plastic 
packing, with two or three strands 
of flax string type packing on top 
to keep it from squeezing out when 
the packing gland is tightened down. 

After taking out all of the braided 
packing, we squirt down around the 

















“And, a Child Shall Turn Them” 
Our test of a properly packed and lu- 
bricated 20” gate is that a boy of 10 
can close it at least half way. Behind 
this young “worker” is our oldest em- 

ployee with 31 years of service. 























A photographic attempt to indicate 
the advantage of setting the box bon- 
net higher, giving more clearance be- 
tween box walls and nut and stem of 
the valve. The usual setting (left) is 
in truth a “rock trap,” while the other 
permits rocks to pass by; also makes for 
easier key connection with the nut 
should the box become off-center. 


stem near the packing plate some 
kerosene or light lubricating oil. We 
then fill up the stuffing box with the 
metallic packing that comes in a 
loose plastic form or in string form. 
We then put on the stuffing box fol- 
lower and tighten it down. We then 
open and close the valve a few turns 
and then tighten it some more. If it 
needs a little more packing we insert 
some and go through the operation 
again. This method has solved our 
packing problems and made hard 
turning gate valves easy turning, 
and makes fun out of a disagreeable 
job. 


The Larger Valves 


In the large gates we drill a hole 
through the packing plate and insert 
an alemite fitting. These gate valves 
still have the braided packing in the 
packing box. By connecting a grease 
gun to this fitting we can apply by 
means of our air compressor about 
3,500 pounds pressure and this forces 
the grease in and around the stem 
and packing and does a very satis- 
factory job of lubricating. 

It does such a good job on these 
gate valves that it is a monotonous 
one man job of opening and closing 
the valve when testing; in fact, a 
boy 10 years old can operate the 
valve. 

Large gate valves should have an 
ample size manhole constructed 
around them so that a man can get 
down to the gate and repack it. 
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Danver’s Alemite Lubricating Outfit 
Servicing a Geared Valve. 


Smaller gates can be handled more 
economically by using a 514 or 7-inch 
valve box over the gate with the 
cover flush with the road. 

The gears of a geared gate should 
be enclosed in a housing with the 
gears running in oil. If the gears 
are not housed then they will collect 
rust and dirt in between the gears 
or teeth, making them fit tight and 
bind, causing the gate to operate 
hard. Dirt falling down into the 
hole when the cover is picked up 
causes some of this trouble. 

We have eleven 20-inch open 
geared gates and we wish we had 
purchased the oil enclosed style. That 
surely was an error on our part, but 
our experience with them has taught 
us to’ advise others to buy the oil 
enclosed style. 

We have constructed a shield that 
fits over the gears and the operating 
nut and fastens to the bolts holding 
the stuffing box to the bonnet of the 
gate. This has proved very satisfac- 
tory and the dirt does not get into 
the gears. This gives us the oppor- 
tunity to keep them well greased. 


Improper Valve Box Setting 


Many gate valve catalogues show 
what, in my opinion and experience, 
is an improper method of setting the 
box over the gate. Pick up any cata- 
logue and turn to the gate box sec- 
tion showing the 5% or 7-inch box. 
You will notice that the base or pot 
sets down over the top of the gate 
so that the base of the box is even 


WATER WorKS & SEWERAGE, June, 1942 


GATE VALVES 


with the flange in the center of the 
gate. Then the upper section, or 
middle section, is set onto the base, 
leaving the operating nut up in this 
section. 

My contention of it being an im- 
proper setting and causing mainte- 
nance troubles is that if rocks do get 
into the boxes (and the kids sure 
do put them in sometimes), that the 
rock cannot go down past the op- 
erating nut. It gets wedged in so 
hard sometimes that it is impossible 
to get the key onto the operating 
nut, and if you do, you cannot turn 
it. If the box is pushed to one side 
slightly, the box then comes up 
against the operating nut and pre- 
vents putting the gate key onto the 
operating nut. 

If, on the other hand, the base or 
pot is set so that the base is up at 
the level of the stuffing box plate, 
rocks then can roll to one side into 
the base, and if the box is tipped 
there is a greater possibility of get- 
ting the gate key onto the operating 
nut. 

In my opinion, box setting is a 
very important part of your gate 
maintenance work. 


Location Records 

Location plans of gate valves 
should be carefully prepared and 
measurements should be taken from 
permanent benches, such as to other 
gate valves, hydrants, .catch basin 
grates, manhole covers, curbs, etc., 
and not from telephone poles, trees, 
walls, fences, etc. 

These measurements should be on 
cards and on sheets in bound books 
for quick reference. Each should 
have a number and these can be 
painted on the underneath side of 
the valve box cover if desired. 

Stencilling of measurements onto 
buildings, poles, etc., are helpful for 
quick locating. Numbers can be 
nailed onto poles or buildings that 
will stay on as long as the pole or 
building remains in place. We paint 
a black square on the reference ob- 
ject and nail on the metal numbers 
that have been sprayed with an 
orange colored paint. The contrast 
makes it conspicuous from any other 
type of marking. 


Removing Recalcitrant 
Box Covers 


Sometimes the gate box cover gets 
sealed in with tar, or in the winter 
is frozen in. This can be very easily 
overcome by pouring a little gasoline 
on it and setting it on fire. In a few 
moments the cover can be easily re- 
moved. 


















Danvers Method of Marking Street 
Gate Locations 
Yellow figures stenciled on black field 
on nearest pole. 


Quite often it is found difficult to 
close the gate tightly. This is gen- 
erally caused by tuberculation in the 
valve guides and seat. By opening 
and closing several times this in 
crustation breaks off and the velocity 
of the water between the gate and 
the seat of the valve will most always 
flush out, allowing the gates to even- 
tually properly seat and closing off 
entirely the flow of water. 

Gate valve work is not expensive. 
It is a tedious job but can be made 
very interesting by the various 
things that have to be done, such as 
checking measurements, marking 
poles or buildings, opening and 
closing, repacking, and the resetting 
of the gate box at higher elevation. 

If a few of these suggestions are 
followed, most of your gate valve 
worries will be a thing of the past: 

Good plans and measurements. 

Stencilled or metallic reference 
numbers on poles, buildings, etc. 

Gate box covers flush with the 
surface of the ground. 

The base of the box well above the 
center flange of the valve. 

Opening and closing each valve on 
a yearly schedule. 

Last, and the most important, 
proper packing and lubrication. 

And a good motto is: 

“More turning of gate stems and 
less of swivel chair stems.” “Know 
your gate valves!” 


















sential. Women are judged 

by the manner in which they 
keep their homes—neatness if you 
please. Neatness in water works op- 
eration should also be considered es- 
sential, and perhaps we should ask 
for the ladies’ advice on our water 
works “housekeeping” more often 
than we do. 


G= housekeeping is alwals es- 


The Hydrant as a Symbol 


Fire hydrants are, without doubt, 
the most conspicuous and most fre- 
quently commented on part of any 
water works plant. Yet too often 
these symbols of the water utility 
suffer from neglect. In the good old 
days when one could tour the coun- 
try without worrying about gasoline 
and tires it was always refreshing 
to come to a town with bright, fresh- 
ly painted hydrants, and these al- 
ways stood out in sharp contrast to 
the many communities where the hy- 
drants were drab and neglected. We 
in the water works fraternity should 
practice “good housekeeping” for 
our satisfaction as well as for the 
impression it makes on others. 


Paying Procedure 


Twice each year every fire hydrant 
should be given a routine inspection 
—once in the spring and once in the 
fall. This inspection should include 
a pressure test. This test is impor- 
tant for three reasons: It checks 
on the closing of the drip valve, it 
reveals any cracks which may have 
developed from either freezing or 
external damage, and it proves 
whether the nozzles are tight. When 
you first apply the pressure test 
always stand back of the hydrant. 
We have seen serious injury caused 
by a nozzle flying off and striking 
aman in the stomach. 

Outside of the condition of the hy- 
drant, the pressure test also at times 
gives valuable information as to un- 
derground leaks. The pressure ob- 
served should always be compared 
with that recorded on previous tests. 
If there is any material reduction 
the matter should be at once investi- 
gated. This method has sometimes 
given the first clue to locating se- 
rious underground leakage. 


HYDRANT MAINTENANCE 


By E. T. CRANCH 
President and Manager 


NEW ROCHELLE WATER CO. 
NEW ROCHELLE, N. Y. 





The Author 





The author of this article has a 
penchant for practicing what he 
preaches in the way of “good house- 
keeping” and in particular the effi- 
cient maintenance of hydrants. For 
a number of years successful as 
superintendent and manager, 
shortly before writing this request 
article was made president of the 
New Rochelle Water Co. This elec- 
tion, however, does not change his 
status as general manager other 
than to strengthen it. 











Importance of Lateral Valves 
And Their Maintenance 


Every hydrant should be equipped 
with a gate valve on the lateral. This 
is essential to the effcient operation 
of any water works system. Other- 
wise a damaged hydrant may neces- 
sitate the shutting down of a con- 
siderable length of street main and 
the putting out of service of several 
other hydrants while repairs are 
being made to one. This might easily 
prove very embarrassing to a water 
department as well as a water com- 
pany, especially if a hydrant is dam- 
aged during a large fire. If any mu- 
nicipality still has hydrants without 
a gate valve on the lateral we strong- 
ly recommend that such gate valves 
be installed at the first opportunity 
they can be obtained. 


Report Records 


Figure 1 is a form of daily report 
for work on hydrants which we have 
found very satisfactory. It will be 
noted that this form calls for “No. 
of Hyd.” We have found it con- 
venient to number all of our hydrants 
serially. This number is stenciled 
at the base of the hydrant on the 
side facing the street. Figures about 
2 inches high are used. It will be 
noted that following the pressure 
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column (“Press.”) there is a column 
“Time Taken.” In comparing pres- 
sures it has been found helpful to 
know the time of day at which each 
pressure was taken. The next five 
columns are simply checked off as the 
operations are performed. In the last 
column any unusual repairs required 
are noted. 


Painting Policy and Practice 


We have found it good policy to 
paint all hydrants once a year. In 
this way the hydrants always have a 
well groomed look and are a credit 
to the company. If a high grade 
enamel paint is used the hydrant may 
look quite passable for a period of 
two years but at the end of two years 
it is difficult to apply a new coat of 
enamel satisfactorily without a lot of 
wire brushing on the old coat. We 
have found a semigloss paint to be 
most satisfactory. It holds up very 
well for a year and is easy to re- 
paint. We have painted as many as 
140 hydrants with one gallon of 
paint. 

Immediately after a hydrant is 
painted, be sure a “wet paint” sign 
is securely fastened to the hydrant. 
It is surprising how much clothing 
can be damaged by brushing up 
against a freshly painted hydrant, 
and unless the wet paint sign is 
there, the water utility (company or 
department) will be faced with pay- 
ing damages. 

We have tried using a- portable 
spray pump but have found it waste- 
ful of paint and that we could paint 
just as many hydrants per day by 
hand. 


Packing and Lubrication 


For packing we use jute impreg- 
nated with tallow. This has proven 
very satisfactory. For lubrication 
we use a grease with a graphite base. 
We have tried various types of 
grease and the graphite base grease 
is the only one we have found which 
will not cause the caps to stick, espe- 
cially in cold weather. 


Cap Chains Useless 
Impedimenta 

The common practice is to have 
the caps fastened by chains to the 
hydrant barrels. We found the fire 
departments in trying to get con- 
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THE NEW ROCHELLE WATER CO., 
NEW ROCHELLE DIVISION 
New Rochelle, N. Y. — 


DAILY HYDRANT REPORT 
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FORM 6 im.4-37 


Fig. 1.—Daily Hydrant Report Form Used for Recording 
Routine Maintenance Inspection and Repairs. 





A dependable worker given a thoroughly equipped truck 
for hydrant and valve maintenance work represents money 
well spent. 
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TYPIST PLEASE NOTE— THIS SCALE CORRESPONDS TO TYPEWRITER (PICA) SCALE— SET PAPER GUIDES SO THAT CARD SCALE WILL REGISTER WITH MACHINE SCALE WHEN CARD 
1S TURNED INTO WRITING POSITION, START INDEX THREE (3) POINTS FROM LEFT EDGE OF CARD, USE OTHER POINTS OF SCALE FOR OTHER DIVISIONS OF VISIBLE TITLE, SET TABULATORS FO 
BSURE PERFECT ALIGNMENT OF EACH DIVISION OF INFORMATION. FOLD BACK OR REMOVE STUB AFTER TYPING. USE NEW TYPEWRITER RIBBON. 
KARDEX VISIBLE DIVISION 886-200-85814-’38 REMINGTON RAND INC.—13 Printed in U.B.A. 
Fig. 2.—Permanent Maintenance Record Form of the Kardex System. 
(Gives all essential operating information at a glance. Also provides the important continuing property record now in- 
creasingly demanded by State Public Service Commission.) 
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nected to a hydrant in a hurry were 
often greatly annoyed by the chain. 
We therefore tried the experiment 
gome ten years ago of removing ail 
the chains. We feared that caps 
might get lost or misplaced during 
a fire so we equipped each fire truck 
with an extra cap, but to date none 
of these extra caps have been used 
and the fire departments are greatly 
pleased with the elimination of the 


chains. 


HYDRANT MAINTENANCE 


It is essential at all times to have 
the full cooperation of the fire de- 
partment and arrangements should 
be made to have the fire department 
report to the water department 
after it has used any hydrant. The 
water department should then make 
a special inspection of this hydrant 
to see that everything about it is 
all right. The fire department should 
also be instructed never to force a 
hydrant in trying to close it. If it 
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does not close readily, have the water 
department or company notified. 


Continuing Records 


Figure 2 illustrates a form of per- 
manent hydrant record which is used 
in a Kardex file. This card gives all 
the essential operating information 
as well as that necessary for the 
maintenance of a continuing prop- 
erty record such as is required now 
by several Public Service Commis- 
sions. 





WATER AND SEWAGE PATENTS 


Water Patents 


Tile Pipe Joint. Chas. E. Bennett. 
U. S. 2,280,183, April 21. A floating 
joint for tile pipe has a resilient 
gasket sealing the annular space be- 
tween the members of a bell and 
spigot type joint. 


Deacidifying Water. E. L. and 
Lucie E. Holmes and Wm. G. Pres- 
cott (to Permutit Co.). U. S. 2,281,- 
194, April 28. Neutralizing free 
acid in water by contact with a 
large area of resin-impregnated ma- 
terial, the resin being formed by 
condensing an amine with an alde- 
hyde. 


Boiler Compound. E. L. Smead 
and S. 8. Sadtler (to Societa Anoni- 
ma Henex). U. S. 2,281,392, April 
28. Pressing the juice from agave 
pulp, fermenting it and neutralizing 
the product with alkali to make a 
boiler compound. 


Zeolites. J. R. Bates (to Houdry 
Process Corp.). U. S. 2,283,172-3-4, 
May 19. Preparing synthete con- 
tact masses by precipitating a zeo- 


(Of Recent Issue) 
Reported by 
JULIAN F. SMITH* 


CENTRAL COLLEGE 
FAYETTE, MO. 


lite in solid or gel from sodium sili- 
cate and a compound of an ampho- 
teric metal; reducing the alkali 
metal content of zeolites below 1 
per cent by base exchange; anl cal- 
cining zeolite pellets above 900° C. 


Locating Water Strata. Geo. H. 
Ennis (one-half to Robert V. Funk). 
U. S. 2,283,429, May 19. Determin- 
ing the location of water inlets into 
a well by the light transmitting 
properties of a charge of substance 
distributed in the well. 


Sewage Patents 


Treating Sludge. Royal W. Gelder 
(to Paul Bechtner). U. S. 2,281,759, 
May 5. Dispersing a floc of hydrated 
colloidal clay particles through 
sewage sludge and dewatering the 
treated sludge. 


Flow Control. Thos. R. Camp. 
U. 8S. 2,281,826, May 5. Liquid flow 
control apparatus having a settling 


channel for deposition of solid par- 
ticles, and a discharge control weir 


comprising a pair of vertical walls 
the distance of which from each 
other is adjustable. 


Treating Pulp Mill Effluent. 
H. O. V. Bergstrém and Karl G. 
Trobeck. U. §S. 2,282,112, May 5. 
Volatilizing impurities from pulp 
mill waste liquor by contact with a 
gas, while controlling frothing with 
an alkaline earth hydroxide or car- 
bonate. 


Sewage Stabilizer. C. G. Hawley 
(to Hawley Engineering Corp.). 
-U. S. 2,282,225, May 5. Stabilizing 
sewage in apparatus which exposes 
a spray of sewage to a whirling air 
current in a confined space. 


Treating Sewage. Walter E. Buell 
and Leon A. Winter. U. S. 2,283,166, 
May 19. Feeding 
trickling filter at a constant rate 
interrupted by rest intervals which 
are timed to defined proportions. 


sewage to a 


Sewage Meter. Richard Bennett. 
U. S. 2,283,906, May 26. Metering 
sewage by passing it through a pipe 
and odofoce plate so that its pres- 
sure can be measured. 





*Associate Director, Hooker Scientific 
Library. 
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ARKANSAS WATER AND SEWAGE 
CONFERENCE WELL ATTENDED 


war and possibly because of a 

recognition of the increased im- 
portance of the water works man’s 
job because of the war, the Twelfth 
Annual Arkansas Water and Sewage 
Conference held a most successful 
meeting April 13-15 at the Univer- 
sity of Arkansas in Fayetteville, 
Ark. 

Six of those attending had the 
distinction of not having missed any 
of the twelve meetings since organ- 
ization of the Conference. 


LT SPITE of difficulties due to the 


Demonstrations Featured 


Demonstrations held on Tuesday 
afternoon, consisting of tests of me- 
ters, pumps and the making of fire 
hydrant flow tests were made in or 
near the Engineering Building and 
demonstrations of algae and of chem- 
ical and bacteriological tests in the 
Chemistry Building, attracted more 
than usual interest. The round table 
discussion led by L. A. Jackson, 
Little Rock, on Wednesday morning 











was also worthy of special mention. 
The following subjects were present- 
ed: “Sterilizing New Pipes,” E. F. 
Byerly, West Helena; “Locating a 
Small Leak,”’ Henry George, Fayette- 
ville; “Locating a Lost Pipe Line or 
Manhole,” W. G. Check, Gravette; 
“Thawing Frozen Service Lines,” 
R. E. Wages, Springdale; “Emer- 
gency Repairs,’ A. H. Ullrich, Ft. 
Smith. 


Distinguished Alumnus 


This Conference was particularly 
fortunate in the presence of Dr. J. E. 
Gibson, Manager and Engineer of 
the Commission of Public Works of 
Charleston, 8S. C. Dr. Gibson is a 
past president and honorary member 
of the A.W.W.A., a graduate of the 
University of Arkansas and a re- 
cipient of the honorary degree (Dr. 
Eng.) from this University. He gave 
an interesting illustrated address at 
the banquet. 


a 


New Officers 


za 


Fletcher Thompson, Clarksville, 


was elected a member of the Arkan- © 
sas Operator Licensing Board to take | 
the place of Edward A. Leverett, 7 


Conway, deceased. 


The following officers were unani- © 


mously elected: 


Chairman: W. A. Mayhan, Little @ 


Rock. 
Vice-Chairman: 
West Helena. 


E. F. Byerly,” 


Secretary: Harrison Hale, Fay- 4 


etteville. 


Executive Committee: W. R. Spen- | 
cer, Fayetteville; Edgar Brown, Fay- | 
etteville; John Harris, Forrest City; ~ 


C. A. Williams, Helena; W. G. Check, © 
Gravette; Frank Lewis, Mena; Lon | 


Embree, Magnolia. 


Prior to the opening of the Con- : 
ference, examinations, held by the ™ 


Voluntary Licensing Board, were 


taken by a large number. 


been in evidence: 





Most of Those Attending the 12th Annual Arkansas Water and Sewage Conference 
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The Empire Streeemline is of the oscil- 
lating piston displacement type. The measur- 
ing chamber is cylindrical with a division plate 
separating the inlet and outlet ports. The 
balanced piston, slotted to clear the division 
plate, is also cylindrical, with horizontal web 
carrying a post in the center. Below the web, 
the post guides the piston around a roller in the 
lower abutment well. Above the web the post 
drives an arm by which its motions are trans- 
mitted through the enclosed gear train to the 
register. The piston itself does not rotate, but 
glides or oscillates back and forth with its 
motion controlled by a piston pilot—always 
moving in the direction of flow. 








(>) Lhe Onchede - TOPS IN THEIR FIELD 


PITTSBURGH 
METER 


The Pittsburgh IMO Meter is of the 
screw propulsion, positive displacemen} 
type. The operating mechanism consists of 
three screws called rotors, which mesh with 
each other and fit the bore of the measuring 
chamber. Water enters the measuring 
chamber from the bottom and as it is forced 
upwards by line pressure, causes the rotors 
to turn from its path. The threads of the 
rotors act as a continuous piston, always 
moving in a forward direction. The reyo. 
lutions of the center rotor are transmitted 
to the register through an enclosed gear 
train where they are converted into units 
of measurement. 


PITTSBURGH -NATIONAL METERS 


THE MOST COMPLETE LINE OF WATER METERS IN THE WORLD 
PITTSBURGH EQUITABLE METER COMPANY 





NEW YORK OAKLAND 
BROOKLYN TULSA 

DES MOINES CHICAGO 
MEMPHIS BOSTON 


MERCO NORDSTROM VALVE COMPANY 


Main Offices, Pittsburgh, Pa. 


NATIONAL METER DIVISION, Brooklyn, N. Y 












SEATTLE 


KANSAS CITY 


PHILADELPHIA HOUSTON 
SAN FRANCISCO COLUMBIA 
LOS ANGELES BUFFALO 



















A NEW “PHILADELPHIA STORY” 


Or, How a Systematic Water Waste Survey in Progress Has Already 


Saved Philadelphia a Needed 13,000,000 Gallons 


Philadelphia found herself, in 

common with most other mu- 
nicipalities, in straitened financial 
circumstances. Demands upon the 
water works system instead of in- 
creasing began to decrease and the 
need for making additions to the sys- 
tem ceased to exist. But with this 
contraction in use there was also a 
decrease in revenue and many im- 
provements, and even items of main- 
tenance had to be deferred. At 
length, in 1939, a committee of ex- 
perts was appointed to investigate 
the water works system for the pur- 
pose of recommending improvements 
necessary to bring it into first class 
operating condition. A bond issue 
of $18,000,000 was voted to pay for 
these improvements and engineers 
from the office of Morris Knowles of 
Pittsburgh, Pa., were employed to su- 
pervise the expenditure of this 
money. 

However, the design of the needed 
additions would in itself consume 
considerable time and it seemed 
desirable to relieve the load on the 
system as much and as quickly as 


[) Pais the recent depression 


The effect of traffic on a 6” fire 
hydrant joint—25,000 g.p.d. 





By MARTIN J. McLAUGHLIN 
Chief 
BUREAU OF WATER 
PHILADELPHIA, PA. 


possible. During the years from 
1926 to 1931 The Pitometer Co. had 
been employed to make a Pitometer 
Water Waste Survey of the system. 
The results of that survey were most 
gratifying. Underground leakage of 
about 35,000,000 gallons per day had 
been located and repaired. House 
waste of approximately 50,000,000 
gallons per day had been stopped and 
industrial meter under-registration 
of approximately 4,750,000 had been 
corrected. 


Waste Reduction 
First Logical Step 


With a definite knowledge of the 
possibilities of conserving the avail- 
able water supply by the elimination 
of the underground leakage which 
undoubtedly had developed since the 
previous survey, the city decided to 
again contract with The Pitometer 
Co. to make another Water Waste 
Survey of the distribution system, 
and arrangements were made with 
the WPA to furnish most of the la- 
bor in connection with the operation. 
To date all of West Philadelphia has 
been surveyed and the survey of that 





Daily to Meet Defense Demands 


section of the city lying to the south 
of Callowhill St. is approaching com- 
pletion. An additional contract has 
recently been entered into covering 
a section of the city lying along the 
Delaware River northeast of the cen- 
tral part of the city. 


How the Survey Is Conducted 


The survey is conducted in the fol- 
lowing manner: 

The district which is to be tested, 
and which includes an average of 8 
miles of distribution main, is segre- 
gated by valve operation and all but 
one or two feeds in this district are 
shut off. Recording Pitometers are 
installed on these feed lines through 
1 in. corporation cocks and the flow 
into the district measured for a 
twenty-four hour period. Indirect 
measurements are then made at 
night to determine the distribution 
of the night rate of flow in small 
one or two block “shut-outs.” Mani- 
festly where little or no flow exists 
at night there can be no leakage, 
but where the measurements show 
appreciable flows after midnight in- 





Some of Our “Philadelphia Story” 


A typical service leak of which there 
were many—15,000 g.p.d. 
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This 6” main, actually in a sewer, 
was discharging 569,000 g.p.d. 




























































A cracked 12” main shooting away 
455,000 g.p.d. 


vestigations are made to determine 
the cause of the high flow. The 
actual location of the leak is deter- 
mined by the use of sound intensify- 
ing instruments in the hands of en- 
gineers who have become proficient 
in this particular line of work 
through years of experience. It is 
very seldom that the leak is not lo- 
cated within the limits of the first 
excavation made for its repair. 

Since the inauguration in 1940 of 
the defense program, the demand for 
water upon the Philadelphia water 
works system began to increase and 
had continued to increase as more 
and more industries turn to the man- 
ufacture of war material. All the 
water saved to date, by the elimina- 
tion of underground leakage, has 
been made available for use by the 
war industries without further tax- 
ing the capacity of the existing sys- 
tem. That the savings to date have 
been of considerable assistance is 
evident from an analysis of the find- 
ings. 


The Most Important 
Sources of Waste 


The largest single source of waste 
so far discovered has been leakage 
from the cast iron mains themselves, 
broken mains, split mains, and blown 
joints. A number from each source 
has been found. Up to date, 62 leaks 
of this kind have been located wast- 
ing a total of 4,369,000 gallons per 
day. In almost every case these 
breaks were caused by underground 
conditions, such as the construction 
of masonry structures by other utili- 
ties in such a way that a bearing 
load was placed upon the cast iron 
main. Several examples of leaks 
caused by this loading of the mains 
are shown in illustrations accom- 
panying this article. 


WATER WoRKS & SEWERAGE, June, 1942 


A NEW “PHILADELPHIA STORY” 





More Typical Exhibits 


A 6” main carrying the weight of 
another failed for 50,000 g.p.d. 


Next in importance based on the 
average size of the individual leak, 
though not in total waste, is the 
waste from leaking abandoned serv- 
ices. As is to be expected, leaks 
on dead services will average greater 
losses than leaks on live services be- 
cause after a leak on a live service 
becomes large enough to affect the 
pressure, the consumer complains 
and the leak is repaired, but an aban- 
doned or uncompleted service can be- 
come completely severed without be- 
ing discovered unless the water finds 
its way to the surface. So far, 127 
abandoned services have been found 
leaking, a total of 2,273,000 gallons 
per day. 

There have also been located a 
large number of leaking services 
in use, and it is surprising to note 
how much water can escape each day 
from a leak in an ordinary domestic 
service before the pressure is affect- 
ed to such an extent that the cus- 
tomer complains. A total of 373 live 
services have so far been found to be 
leaking 2,754,000 gallons per day. 

Six miscellaneous leaks not includ- 
ed under any of the above headings 
were found to be wasting 146,000 
gallons per day. 


Under-Registration of Large 
Meters an Important Item 


One feature of the survey, not pre- 
viously mentioned, is the testing in 
place of industrial meters on 4 in. 
and larger services. Increased reve- 
nue resulting from the repair of de- 
fective meters discovered in this 
manner has been considerable. A 
total daily under-registration of 
3,060,000 gallons has been discov- 
ered to date. Not all of this has 
been reflected in increased sales as 
a very large percentage of this 
amount was found on the meters 
supplying a_ semi-charitable con- 














A good trick if it only worked. A 
sewer manhole found resting on a 6” 
main cost 100,000 g.p.d. 










































sumer. As the result of these find- 
ings this consumer greatly reduced 
its consumption of water so that the 
benefit to the department was in the 
nature of decreased consumption 
rather than increased revenue. 

Altogether, a total of 13,000,000 
gallons per day has been saved so 
far. About 40 per cent of the city 
has been covered and it is hoped 
and believed that savings will con- 
tinue at about the same rate as the 
survey is extended into other parts 
of the city. Some idea as to how 
valuable a saving of 13,000,000 gal- 
lons per day is, can be visualized 
when we realize that it is enough 
water to supply an average American 
city of 130,000 persons with all the 
domestic and industrial water nor- 
mally used. In this city, about a ton 
and a half of coal is required to 
pump a million gallons of water, so 
that the indicated savings from this 
one item are about 7,000 tons, or 150 
freight cars annually. Aside from 
the cost this is a distinct contribu- 
tion to the war effort by the relief 
it affords our over-burdened ,rail- 
roads. There have been additional 
savings of power, chemicals, etc. 
While Philadelphia uses very little 
chlorine, when compared to most 
cities, it is still true that the savings 
of a million gallons of water per day 
results in the saving of approximate- 
ly a ton of chlorine per year. Al- 
though the money value of the twelve 
or thirteen tons saved each year is 
not large it is a distinct contribution 
to the war effort as it conserves a 
critical material. 


A By-Product of the Survey 


A by-product of the survey has 
been the location of closed and de- 


fective valves and many valves have 


been found in each category. The 
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closed valves were opened and the 
defective ones repaired. This has 
not only put us in a better shape to 
make shut downs for routine re- 
pairs, but has also improved our abil- 
ity to quickly cut out sections where 
mains may at some future time be 
proken as the result of enemy bomb- 


ng. 

‘Although the financial savings to 
the city have been more than enough 
to justify the survey, the greatest 
present benefit has been the relief 
which it affords to our water system, 
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heavily loaded as it is with war de- 
mands. We realize its full value when 
we contemplate the effect of adding 
to our present demand the necessity 
for filtering, pumping, and distrib- 
uting an additional 13,000,000 gal- 
lons of water per day. This is 
equivalent to the construction of a 
pumping station, filtration plant and 
transmission main of sufficient capac- 
ity to supply 13,000,000 gallons per 
day. 

Due to the difficulty in obtaining 
priorities and the inability to secure 
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the necessary materials, the water 
works improvement program has of 
necessity been materially slowed up, 
and it is questionable whether or 
not the benefits from this program 
will be felt in time to assist in the 
present emergency. It can, there- 
fore, be seen how essential it is to 
conserve every available gallon of 
water in the City of Philadelphia, 
by the elimination of all sources of 
waste, such as is being done by the 
Pitometer Water Waste Survey now 
in progress. 





FUME TRAP FOR DIESELS 


(And Other Internal Combustion Engines) 


Deisel engines there is usually a 

problem of fumes, in some cases 
to such an extent that even with all 
the windows open these fumes cause 
smarting of the eyes and throat irri- 
tation. These fumes, for the most 
part, originate in the crankcase of 
the engine and usually find their 
way into the engine room through 
the crankcase breather pipe. This 
problem is particularly acute in in- 
stallations which have worn or stuck 
piston rings because the highly com- 
pressed vapors in the cylinders blow 
by the rings, producing a back pres- 
sure in the crankcase. This back 
pressure in turn forces the oil vapor 
and fumes out through the breather 
pipe. 

All this trouble can be eliminated 
by a simple ‘piping job. Drill and 
tap both the air-intake manifold and 
the breather pipe for % inch pipe. 
‘In many installations it makes a 
much easier and better looking con- 
nection if the breather pipe is ex- 
tended so that both connections can 
be made at the same level. Connect 
with a 1% inch pipe, putting a gate 
valve in the line, as shown in the ac- 
companying picture. 

After making the piping changes, 
start the engine, first making sure 
that the % inch valve in the new 
connection is closed. When the en- 
gine is well warmed up, open the 
gate valve slowly until the suction 
obtained through the connection to 
the intake manifold overcomes the 
back pressure in the crankcase. A 
simple way to determine when this 
pressure is equalized is to blow smoke 
by the end of the breather pipe; if 


iE THE engine rooms which house 


By DON C. CALDERWOOD 
Engineer 
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the smoke is slowly forced away 
from the end of the breather pipe, 
open the valve a little more; if the 
smoke is drawn into the breather 
pipe more than can hardly be de- 
tected, close the valve a little more. 
It usually takes a little patience to 
obtain just the right opening of the 
valve, so when this is obtained, 
tighten the packing nut on the valve 
with a wrench so that the vibration 
of the engine will not change the 
correct adjustment. 
Caution—Considerable care should 
be taken in adjusting this valve 
opening, making doubly sure that it 
is not open too wide. If this valve 
is open more than necessary, the 


lubricating oil vapors in the crank- 
case will be drawn into the cylinders 
and burned as fuel; this in turn will 
cause high lubricating oil consump- 
tion. 

With this connection you are not 
only freed from the fumes which 
formerly gave you much discomfort, 
but you are actually burning and ob- 
taining power from them, but re- 
member that as a fuel, fuel oil is 
always cheaper than lubricating oil, 
so watch the valve setting for econ- 
omy sake. 

This type of connection is not con- 
fined to Diesels alone since it can be 
used on any internal combustion en- 
gine. 











Fume Take-off Line on Diesel Engine 
Suction on Crank-Case Breather Pipe from Intake Manifold Is Adjusted by 
Setting of Valve in the One-Half Inch Line. 
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SERVICE SHOOTING 






Wherein “A Friend Is Made When a Corroded Service Is Saved” 


the well water supply was very 
hard and corrosive. 


After 


I’: THE West Section of Elgin 


many years of gradual 
build-up, hundreds of services be- 
came “plugged.” As a department 
we did not have to look for these, 
for when this time arrived and con- 
sumers realized they had practical- 
ly no volume, they would enter the 
Water Office and say, “We have no 
pressure—can hardly get any wa- 
ter.” 

In scores of complaints it was re- 
vealed that it was impossible to get 
water on the second floor, especially 
when water was being drawn on the 
ground floor. One who has never ex- 
perienced this annoying trouble sim- 
ply cannot appreciate their plight. 

The average services, as men- 
tioned, do not deliver more than 1 
G.P.M. with our normal main pres- 
sure of 50 pounds behind it. 








By LA VERNE TRENTLAGE 
Assistant Superintendent 
WATER DEPARTMENT, ELGIN, ILL. 





The 


Author 


There is no doubt in my mind but 
that thousands of small residential 
services are being replaced annually 
due to this corrosive condition. How- 
ever, since we now know what we 
can do to restore much of the origi- 
nal volume, we feel obligated to the 
consumer to help him. We do this 
job of clearing the service line gratis 
because we are serving the public as 
a non-profit institution. Of course, 
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The Elgin “Blow-Tank.” 


it would be the simplest thing to say 
to this particular group of sufferers, 
“We are very sorry, but you will 
need a new service.” To date we 
only use that statement after we 
know we cannot help them. 


Step by Step Procedure 


Our method of procedure to cor- 
rect this fault is as follows: 

1. First; a check is made to make 
certain of no break in the service- 
line itself. If O. K., then: 

2. A 2-gallon can is filled from the 
cold water faucet in the kitchen and 
the “time” to fill is taken by a stop 
watch and recorded. 

3. Immediately after, we take an 
ordinary %4-inch garden hose, with 
the nozzle on, to learn the farthest 
point the water can be delivered. 
Then with the nozzle off we learn 
the farthest point the water can be 
delivered. We make this type of test 
to gain some technical but concrete 
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Demonstrating That the “Medicine” Was Good. 


Measuring the 20-ft. nozzle throw “before” and throwing a 46-ft. stream “after” at main pressure of 35 lbs. 


The 


record showed that the 2-gal. measuring can filled from the kitchen faucet in 20 seconds after the shot as compared 
to 2 min., 5 sec. time for filling before the shot. 


figures for the record. Also the con- 
sumer can readily see what has been 
accomplished when the job is com- 
pleted. 

4. The blow tank is then hooked 
up and we’re off. (How the blow is 
made follows later.) 

5. After completing the job, 
points 2 and 3 (above) are followed 
up in the same way for the sake of 
comparisons. 


Pertinent Facts 


Now, and very briefly, we shall 


bring out some interesting facts 


drawn from our experience in “blow- 


” 
~ 


ing 


1. Each “shot”? discharged from 
tank into service is a mixture of air 
and water under 1,400 pounds of 
presssure—released by a quick open- 
ing valve. 

2. The 1,400 pounds is necessary 
to obtain the excellent results that 
we get. 

3. In very obstinate cases we also 
dig up at the curb box, connect on 
the tank, then blow out to main. Re- 
sults? ... Very satisfactory. 

4. Only one service in a hundred 
is ruptured in the shooting. 

5. It is advisable to blow only 
single lines—not forked. 


6. Services up through 1 inch can 
effectively be “blown.” 

7. Consumer signs a_ release, 
which protects the Water Depart- 
ment in event any pipes or the serv- 
ice are damaged. 

8. Time. required to make the 
blow ...one hour. (Three men best 
for the job.) 

9. Seven out of ten services are 
effectively cleaned out by the blow- 
ing method. 

It is the kitchen faucet or sprin- 
kling that usually tell the consumer 
about the poor volume. We all agree 
that when we want water we want it 











1,000 lbs.—And Still Pumping—1,400 Ibs. 
(And Ready for the Shot.) 
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right now, in big volume and plenty 
of pressure. 

We attack this problem in two 
ways: (1) Technical and (2) Prac- 
tical. 

For instance: 

Before blowing we learn that it 
requires two minutes to fill a two- 
gallow can at kitchen sink. 

After blowing we learn that it re- 
quires only 20 seconds to fill the 
same can... timed. These facts are 
entered on a record card. 

Before blowing, outside, we learn 
that a nozzled hose will force water 
only 10 feet. (Without nozzle, 14 to 
2 inches only.) 

After blowing, between 40 and 50 
feet with nozzle, and from 9 to 22 
inches without nozzle. These, of 
course, are measured figures. 

The average housewife is not con- 
cerned about minutes, seconds, or 
measured distances “technically.” 
Only “practically” is she satisfied 
when bigger volume, more pressure, 
and ability to sprinkle her neighbor 
or wet down the shingles on the roof 
is present. 


Some Added Revenue Results 


As a side-light on this subject, it 
was learned from a detailed study of 
100 services that the consumption 
per address per quarter increased 
only an average of 5,250 gallons, or 
an increase in the water bill of $1.50 
per quarter. 

The Department’s reaction was 
neither disappointment nor surprise, 
for our chief concern was to satisfy 
the consumer by increasing the vol- 
ume of water at the “Time and Lo- 
cation” demanded. 

Parallel in importance to the re- 
sults obtained by blowing is the fi- 
nancial side from the consumer’s an- 
gle. For instance— 

If we were not able to help the 
situation, the consumer would have 
to invest $35.00 or more for a new 
service. 

This expenditure they already 
visioned, and as a result they all 
are very appreciative of our efforts. 
Therefore we know that: 

“A FRIEND IS MADE EVERY 
TIME A SERVICE IS SAVED.” 

Since our water has been softened 
and filtered, the number of poor 
pressure complaints has fallen off 80 
per cent and we anticipate a further 
reduction again this year. 


Blowing Operations 

In closing, I want to give a brief 
description of the direct method 
employed. 

The Blow-Tank stands outside. 
The meter is disconnected and the 
tank hose connected where the me- 
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appress 440.9 2/1 Lee . 





DATE 4-/F 19st 
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Record Card Kept. 
On the rear of this 5x8-in. card appears this information: 


Time Required at Kitchen Faucet to Fill 2-Gallon Can. 


Before Blowing 
(2 min., 5 sec.) 


ter was. The shortest length of hose 
possible is used. 

The tank of atmospheric air is 
allowed to fill up to “Main Pressure” 
with water from the mains. From 
this point, and on up to 1,400 
pounds, the pressure is developed by 
means of an hydraulic pump (single 
piston) operated manually. When 
1,400 pounds is reached, the “shot” 
is discharged by means of a quick- 
opening lubricated valve. 


A small gate valve is then opened. 


after each shot, to allow the fresh 
water from the “main” to push out 
the “disturbed” water in the service 
back to, but by-passed from tank so 
it will discharge onto the ground. 

After every “shot” the water, 
upon returning, will run red or very 
dirty for about five or ten seconds. 
Usually, when water clears up, it is 
proof that our job is done. 

Several check valves are dis- 
tributed about the Blow Tank, this 
tank being A.S.M.E. tested for 3,300 
pounds. 

For a plumber to attempt to ob- 
tain the results we do with an in- 
strument has proven a failure. Re- 
leasing air in “Jackrabbit jabs” is 
also a failure. . . . It is that terrific 
impact that does the work. 

When a service is partially ob- 
structed by a soft deposit, one “shot” 
will restore the original efficiency. 

Our results are so satisfactory, I 
doubt we will ever install an X-Ray 
machine to satisfy those who may 
wonder what takes place inside the 
service during blowing, or what it 
looks like after the “blow.” 

The 5 x 8 inch record card here 





After Blowing 
(20 sec.) 


reproduced reveals the story of a 
typical blowing operation. On the 
reverse side is the record of time 
required for the 2 gallon can filling 
from the consumer’s kitchen faucet 
“Before and After” administering 
the “medicine.” 


Johnson Becomes Head of 
Erie Water Dept. 


Papesch Made Asst. Supt. 


By unanimous 
vote the City 
Council of Erie, 
Pa., agreed on 
the recommenda- 
tion of Mayor 
Barber that Asst. 
Supt. John OD. 
Johnson be made 
General Superin- 
tendent of the 
Erie Water De- 
partment as suc- 
cessor to the late “Jim” Dunwoody. 

To fill the Asst. Supts.’ position, 
George Papesch was promoted from 
his position as Chemist and Supt. of 
Filtration. To the latter position 
Robert A. Blair has been appointed. 

Mr. Johnson, a native son of Erie, 
is 49 years old. He has served the 
Water Dept. for better than 35 years. 
At 14 he went to work in the De- 
partment, appropriately enough, as 
water boy. Five years thereafter he 
was foreman. In World War No. 1 
he served with the U. S. Engineers 
in France and returned to Erie in 
1919 to be made Assistant Supt. 





J, D. Johnson 
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DRILLING AND DEVELOPING DEEP WELLS 


HILE some of the ideas ex- 
W dressed in this article are 

applicable to wells of all 
types, they are offered chiefly from 
experiences in the construction of 
wells in the red sandstone formation, 
such as is encountered in Northern 
New Jersey. 

In the writer’s opinion, the most 
important points in the construction 
of a new well are: 

1. Full and complete specifications 
and a bid sheet permitting a fair 
comparison of prices. 

2. The selection of a qualified con- 
tractor. 

3. A full-size hole that is plumb. 

4, Proper sealing. 

5. Proper and complete testing. 


(1) Specifications and Bid Sheet 


The preparation of specifications 
is not as simple a matter as it may 
appear if the interests of both the 
purchaser and contractor are to be 
safeguarded. There are_ several 
points both in the specifications and 
bid sheet which, unless they are 
carefully covered, may cause difficul- 
ty in deciding the low bidder and 
create misunderstanding in making 
payments. 

Usually the most expensive por- 
tion of the well is the portion which 
is cased down from the surface and 
into rock. Frequently the depth into 
rock to which the casing will be car- 
ried cannot be determined in ad- 
vance. In order that all bids may be 
considered on a comparable basis, it 
is recommended that a statement be 
made in the specifications similar to 
the following: “For the purpose of 
comparing bids, the distance from 
ground surface to rock will be con- 
sidered to be .. feet,” the distance 
mentioned being the approximate 
depth the rock is believed to be. 

The depth to which a well is to be 
drilled is also frequently difficult to 
state beforehand. So that bids may 
be comparable, a statement such as 
follows is advisable: “While the con- 
tractor’s bid is based upon a maxi- 
mum depth of .. feet, it is under- 
stood that drilling may be stopped 
at any depth by the engineer; how- 


By J. ARTHUR CARR 


Superintendent of Water 
RIDGEWOOD, N. J. 
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The author of this article has for 
several years served as co-chairman 
with Jas. A. Harding of the A.W.W. 
A. Committee on Deep Wells and 
Deep Well Pumping. 


In recognition of his fruitful work 
as committee leader, Mr. Carr this 
year was voted the George W. Fuller 
Award for conspicuous services to 
the water works profession. 











ever, it is guaranteed that the con- 
tractor shall be paid for at least .. 
feet of drilled well.” 


The cost of at least one test should 
be included in the bid price. In addi- 
tion, the specifications should stipu- 
late the amount to be paid for any 
additional testing which may be re- 
quired. This amount is usually set 
up on an hourly basis. 


(2) Selection of 
Drilling Contractor 


Next in importance, after bids are 
properly filed and evaluated, is the 
selection of a skilled and experienced 
contractor. The contractor selected 
should be one who is not only finan- 
cially responsible, but more impor- 
tant, one who knows how and has 
the equipment to do a first class job 
and also the desire to do it. In this 
connection, a method which embraces 
the prequalification of bidders is de- 
sirable. 

Full and accurate records are most 
essential for the proper future op- 
erations of a well. There should be 
absolute insistence that the contrac- 
tor keep and turn over to the owner 
detailed information as to what is 


being done and what is happening 
as the work progresses. Samples of 
drillings at various depths should be 
preserved and the location of any 
change in formation noted. 


(3) A Plumb and Full Sized Hole 


It is poor economy to drill holes 
that are likely to later prove too 
small. The hole should be started of 
sufficient size to permit as many re- 
ductions in diameter as may be nec- 
essary and still have ample diameter 
for the installation of a pump of 
high efficiency. 


During construction, a well should 
be plumbed and gauged at frequent 
intervals in order that the purchaser 
may be assured a straight and plumb 
hole of full required diameter. 
Watching the cable to see that it 
hangs in the center of the hole is a 
rough check for. plumbness. Bit 
diameters should also be frequently 
checked. 

While a hole that is straight, al- 
though slightly out of plumb, does 
not interfere to any great extent 
with a pump setting, a zigzag or 
corkscrew hole, or one with flat spots 
or constrictions in diameter, may 
cause much trouble and expense. 


(4) Proper Well Sealing 


In the writer’s opinion, there is 
only one sure and permanent method 
of sealing a rock well to shut off sur- 
face or top ground water, and that 
is by double-casing and cement fill- 
ing the annular space between the 
two casings. The inner casing may 
be installed either before or after 
completion of drilling and should ex- 
tend well past ali soft or broken 
formation near the surface of the 
rock. If the inner casing is placed 
before the completion of drilling, 
care should be taken to avoid jarring 
and cracking the cement during sub- 
sequent drilling operations. 

Considerable care should also be 
exercised in placing the cement to 
avoid bridging and to entirely fill the 
space between casings. In placing 
the cement, the method most fre- 
quently used is to pipe the cement 
slurry all the way to the bottom of 
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the space to be grouted. Grout should 
always be applied as one continuous 
operation. 


(5) Testing 

Tests should be made with a pump 
of sufficient capacity to handle more 
water than it is expected the well 
will produce and with the pump set 
at a lower level than the maximum 
anticipated draw down. This should 
be done so that the maximum yield 
and the yield at different draw down 
levels may be determined. 


Opinions as to the duration of 
tests vary. The writer favors 72 
hour tests of continuous pumping, 
especially in new well fields or where 
there is a possibility of interference 
with other wells. For 60 hours the 
well is pumped at maximum capacity 
and draw down. Usually after the 
first 24 hours a point is found where 
the well stabilizes and the level does 
not change. The well is then pumped 
at that level until the 60th hour. 
The pumping rate is then gradually 
reduced at intervals of about 1 hour 
and the draw down at different 
capacities noted. By this method a 
good record of the capacity of the 
well at different draw down levels is 
obtained. From this data the most 
economical pumping level may be se- 
lected—a matter of considerable im- 
portance when considering the day- 
after-day costs of operation. 
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View of the Top of the Double Packer 
Used in the Surge Treatment. 
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DRILLING AND DEVELOPING DEEP WELLS IN ROCK 








Deep Rock Well Development, May, 1942, Ridgewood N. J. 
Here is seen the machine developed to work over the tops of existing well 
houses. This development work on these rock wells improved yields from 50 
to 200 per cent—something heretofore not considered possible. 


Some Notes on Developments 


In the paragraph relative to 
plumbness and size, mention was 
made of development. In the past it 
has generally been accepted that 
when the drilling of a rock hole is 
completed, nothing further can be 
done to increase the yield. From his 
experiences in Ridgewood during the 
past two years, the writer is con- 
vinced that the odds in favor of in- 
creasing the yield in rock wells can 
be bettered by application of some 
of the methods of development here- 
tofore used only in the development 
of sand and gravel wells. 

During 1940 two Ridgewood wells 
were developed, using the conven- 
tional valve type surge plunger such 
as is used in sand wells. The capac- 
ity of one well was increased 30 per 
cent and that of the other well 200 
per cent. 

In the course of agitation of those 
wells, many cubic feet of sand, clay 
and pieces of rock were brought into 
the well. Along with the other ma- 
terial were many small pieces of ce- 
ment which seemed to indicate that 
practically all of the action due to 
agitation was taking place immedi- 
ately below the casing. This seemed 
to indicate that better results would 
be obtained if the effects of agita- 
tion could be spread over the entire 
well wall. 

With that thought in mind, a steel 
cage-like structure 30 feet long with 
a temporary seal at top and bottom 
was constructed. This device was 
then suspended on a string of pipe 
and lowered to the bottom of the 
next well constructed. The well was 
then developed for several days, 
using a long, heavy, steel plunger in 
place of the conventional one. 
packers were raised at varying inter- 
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vals of time until the well wall had 
been exposed to agitation for its full 4 
depth. This method of development 
was used on four wells during 194] 
and the capacity of all was increased, 4 
the amount of increase ranging from © 

50 to 200 per cent. 4 

Early in 1942 development was © 

applied to a well built in 1932. This — 

well was producing 80 GPM at a 7 
pumping level of 120 feet. After de- ™ 
velopment the well is producing 170 7 
GPM at the same level. 





Lower Section of the Double Packer 
and the Agitator Used. 





AD THE PURPOSE been merely to unite two great 
bodies of water, the Panama Canal in all probability 
would never have been built. Instead, it was the dream 
of far-sighted men to achieve a new and greater ser- 
vice for the commerce of man by building this water- 

way that would join the Atlantic and the Pacific Oceans. 
Similarly, two companies, each great in its own right, may enlarge their 
usefulness by establishing. a union between their respective enterprises. 


A TESTAMENT TO PROGRESS AND SERVICE... 


“THE CUT AT PARAISO,”’ LITHOGRAPH BY JOSEPH PENNELL. REPRODUCED BY PERMISSION OF THE LIBRARY OF CONGRESS WASHINGTON, D. ¢, | 
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With the Niagara Alkali Company, the Electro Bleaching Gas Company 
has now been combined to form a single, but larger institution in the 


fields of chemical manufacture and research. 
The Niagara Alkali Company pledges to sustain the high quality and ALKALE COMPANY 
60 EAST 42nd STREET, NEW YORK, NW. ¥. 


; ° CAUSTIC POTASH - CAUSTIC SODA 
time, the Niagara Alkali Company will be able to extend to old customers PARA + CARBONATE OF POTASH 


the new and greater service that is made possible by broadened facilities, LBayuid (Chile mite 


expanded resources, and experience. 


integrity of the products of its manufacture as heretofore. At the same 





















CANADIAN SECTION 


TURNS OUT STRONG 


For Meeting Where Roar of Water Power Is Heard 
Louder than Anywhere in the World 


ITH an attendance of 370 or 
W veter the Canadian Section 

of A.W.W.A. held its three 
day annual meeting April 15-17 in 
Niagara Falls, Ontario, where the 
power of WATER is nowhere else in 
the world so impressively felt. 





Chairmen 
(Incoming ) 
H. Scott 
Manager Utilities 
Belleville, Ont. 


(Retiring) 
William Storrie 
Consulting Engr. 

Toronto 


Although the registered attend- 
ance did not constitute a new record 
for the Canadian Section, the turn- 
out of 352 members and guests at 
the annual banquet to hear the Hon- 
orable Humphrey Mitchell, M.P. and 
cabinet member, deliver the keynote 
address did constitute a new record 
—and there proved to be a reason. 

Mr. Mitchell, as Canada’s new Min- 
ister of Labor, without wasted words 
evinced the sincerity of the Minister 
as the type of leader who will col- 
lectively win this war in short order 
if we can produce several more like 
him. He pointed out that mass pro- 
duction and engineering achievement 
is the answer to winning the war, 
and*that the war can be won on the 
American continent. To do so with 
the least loss of life and in the 
quickest time, he reminded all that 
more and more sacrifices on the 
home front was amongst the first 
essentials for victory in the shortest 
time. It was a grand speech, deserv- 
ing of the roaring applause at the 
finish—more for the calibre and sin- 
cerity of the speaker than for the 
words spoken. Along with those of 
the Canadians, our hats are off to 
you and your kind, Mr. Humphrey 
Mitchell. 


“Open House” a New Feature 


The most novel feature of the con- 
vention was the idea of the Canadian 


Water Equipment Manufacturers 
Assn. in trying out a new entertain- 
ment arrangement which involved 
the holding of “Open House” by the 
manufacturers collectively in place 
of the previous custom of so-called 
room entertainment conducted by 
member firms individually and some- 
what competitively. The scheme 
proved a great success—so much to 
the liking of active members that a 
request was made that the manufac- 
turers repeat this method of pro- 
viding divertissement and 
viviality. 

The scheme involved the establish- 
ment of what was designated “The 
Water Works Club” in a spacious 
tavern room just off the hotel lobby. 
Here refreshments (both soft and 
hard) were served to all comers dur- 
ing those hours between technical 
Sessions and evening functions and 
thereafter until the official closing 
hour agreed to by the manufacturers 
and the Section’s Executive Commit- 
tee in advance. In the “Water Works 
Club,” which some persisted in la- 
beling “The Bar,” there flowed mu- 
sic, good cheer, and much conversa- 
tion. There was the place to find 
everybody during leisure hours in- 








Prof. R. W. Angus 
Univ. Toronto 


J. Clark Keith 
Mor. Utilities 


Toronto Windsor Ont. 
(Voted Fuller ( Director 
Award) A.W.W.A.) 


stead of trying a dozen or so hotel 
rooms. The whole thing seemed a 
marked success and worthy of repe- 
tition. 

Awards and Honors 

At the annual banquet the follow- 
ing awards and presentations were 
made: 

To Professor Robert William An- 
gus, of the University of Toronto, 
went the George W. Fuller Memorial 
Award “for his wise leadership and 


con- . 


promotion of water works practice’’; 
in particular for his noteworthy con- 
tributions to research in water 
hammer and leadership qualities 
as professor of mechanical engineer- 
ing. The presentation was made by 





Secretaries 


(Of the Section) (Equipment Assn.) 


A. E. Berry “Jim” Kinney 

Chief Engr. Manager 

Ont. Dept. of W &€ T Co. Ltd. 
Health Toronto 
Toronto 


the President of A.W.W.A., Louis R. 
Howson. 

To George G. Routledge, Supt. of 
Water Distribution for Toronto, 
went the Hunt Memorial Award of 
the Canadian Section. 

A new custom was then intro- 
duced in the nature of presentation 
of ‘Membership Service Certificates” 
to the longest standing members of 
the Association. Those who received 
certificates showing membership of 
30 to 35 years duration were: 

R. J. Smith, Mgr. of Utilities, 
Perth, Ont. 

’ Thos. Hodkinson, Supt. of Water, 
London, Ont. 

(Mr. Smith, the oldest living mem- 
ber, joined in 1911, and Mr. Hodkin- 
son in 1913.) 

Certificates also went for corpo- 
rate memberships of more than 30 
years’ standing to the cities of Lon- 
don, Peterboro and St. Thomas 
Ont., the oldest being London—1909. 

Certificates to members of 25 to 
30 years’ standing went to: 

Robt. W. Angus, Toronto. 

Ross L. Dobbin, Peterboro. 

Roland C. Harris, Toronto. 

Theo. J. Lafreniere, Montreal. 

McH. McCrady, Montreal. 

Wm. McDonald, Ottawa. 

Adrien Plamondon, Montreal. 

Walter M. Scott, Winnipeg. 

Wm. Storrie, Toronto. 

Chas. Warder, Niagara Fails. 


WATER WorkKS & SEWERAGE, June, 1942 
























































































































254 


Utilities Commission of Brantford. 


“The Canadian Engineer,” To- 
ronto. 
Certificates were also issued to 


those members of 20 to 25 and 15 to 
20 years’ standing. The lists are too 
long to print, however. 

The customary Retiring Chair- 
man’s Cane was presented to Mr. 
Storrie, and the Past Chairman’s 
Certificate was delivered to Geo. H. 
Strickland of Windsor, 1940 chair- 
man. 

A Memorial Certificate went to 
the family of the late Francis Porter 
Adams, former City Engineer and 
Manager of Utilities at Brantford 
and a past chairman of the Section. 
The very splendid memorial was 
drawn and read by Wm. C. Miller 
of St. Thomas, also a past chairman. 


Entertainment 


In addition to the “Water Works 
Club,” the manufacturers provided 
an exceptionally good floor show fol- 
lowing the banquet’ and the. ladies 
were given a Bridge Tea and Theater 
Party the first evening while the 
men were “clubbing. and being en- 
entertained with movies. 4 
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Niagara Falls (Ontario) Filter Plant and Pumping Station and Group 
That Inspected It 


(Interesting was the design of the barbed-wire barrier fencing enclosing the plant. 


One armed guard was on duty. 
not feel it would be “cricket” to publish 
when persuading the 
plying the important defense area 
that it does. Although we did bring 
back pictures of this fencing, such 
were not “declared,” and their pub- 
lication herein would hardly be 
“cricket,” as the British put it, and, 
besides, we might go to jail for it. 


Officers Elected 
The following were recommended 
as officers for the ensuing year: 
Chairman 
O. H. Scott, Mgr., Public Utilities 


Commission, Belleville, Ont. 
(The Section does not elect a 


Vice Chairman.) 





View from the King and Queen’s Suite in the General Brock—and the King and 
Queen’s Book 


Invited to Chairman Storrie’s suite, 
it was the 
Niagara Falls. Treasured, is the 
esties signed their names as the 


Inspection Trip 


One afternoon was devoted to a 
tour of inspection of the Niagara 
Falls Filter Plant and Pumping Sta- 
tion, where the army type of barbed- 
wire entanglement fencing could be 
_observed surrounding the plant. To 
those from the States this was an in- 
teresting feature, as was the armed 
guards stationed at this plant sup- 


this is the 
suite occupied by King George and Queen 
King and Queen’s book (center) in which their Maj- 
hotel’s most distinguished guests. 


view from his windows. Incidentally, 
Elizabeth during their stay in 


New Trustees for 3 Year Term 


Geo. H. Ferguson, Chief Sanitary 
Engineer, Department of National 
Health, Ottawa. 

W. H. Waddell, 
Owen Sound, Ont. 

The continuing Trustees are: 

C. C. Folger, Kingston, Ont. 

T. M. Kingston, Chatham, Ont. 

A. L. McPhail, St. Catharines, 


“™ « 


City Engineer, 


We took pictures of the tricky wiré enclosure but do 


it, since the negative was not “declared” 


Customs Agent to pass the undeveloped films.) 


- A. L. Peart, St. Thomas, Ont. 
(All being managers of Public 
Utilities Commissions. ) 


Berry and the Canadian 
“Information Exchange” 


Dr. A. E. Berry, Director, Sani- 
tary Engineering Division of On- 
tario Department of Health, will con- 
tinue his noteworthy job as Secre- 
tary-Treasurer of the Canadian See- 
tion, which through Dr. Berry’s 
“Water Works Information Ex- 
change” is performing an outstand- 
ing service to the 266 members. This 
“Information Exchange” is now en- 
tering its fifth volume. In his report 
to the Section, Dr. Berry explained 
a temporary deficit in stating that 
he had thought it wisdom to pur- 
chase ahead a supply of paper stock 
of the distinctive colors used in pro- 
ducing Information Exchange data 
sheets for filing or binding by mem- 
bers. President Howson took occa- 
sion to praise this valuable type of 
work being carried on by the Secre- 
tary of the Canadian Section. 


Wartime Supply Problems 
of Canada 


The feature of the program was 
perhaps the talk made by M. J. 
McHenry, Priority Officer, Ontario 
Hydro-Electric Power Commission, 
Toronto, on “Wartime Supply Prob- 
lems.” 

He began by citing the following 
startling figures revealing how the 
United Nations stand in regard to 
control of the world’s supply of basic 
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The “Water Works Club” Proved a Happy Innovation 


At the Canadian Section 


thing to be repeated. 


meeting, entertaining in rooms was out. 
house during specified hours, after the close of technical sessions and again after the scheduled evening affairs. 
just off the hotel lobby, proved the place for anybcdy to find erery body. 


Instead, the Water Works Equipment Assn. of Canada held open- 


The “Club Room. 


The scheme was endorsed by all as a great idea and some- 


In these pictures, snapped at random, on the left is recognized McFaul (Hamilton), Redfern (Toronto) and Bunell (Director of Cana- 


dian Utilities Service Administration). 
Assn., argue as to which will make 
The fourth picture has us guessing, but it 


horse” in the Canadian Section. 
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At center, Secretary “Jim” 
Chairman Storrie’s high-ball. 

can 
man, telling a yarn and tamping his Dunhill, is “Ed.” 


be seen that the ladies were 


invited also. 
Buchanan of London, Ont.—an “ace” 
We agree that the “‘Water Works Club” was a worthy innovation, 


Kinney and President George Morgan, of the Equipment Mfogrs.’ 


Next (end picture) the convivial gentle- 
manager of Public Utilities and a “wheel- 




















Don't blame the camera. 





commodities in 1938 as contrasted 
with today. Here they are: 


—Per cent— 

Commodity 1938 1942 

Bubber .... 2c csccee 100 8.9 
er eee 76 56 
Ee a ee 91 26 
Ns ca Km eee 78 34 
ES ere 91 78 


As to metals alone, the relative 
scarcity is in this order: Vanadium, 
tin, tungsten, aluminum, nickel, steel, 
copper, zinc, brass, chromium, cad- 
mium, and lead the least. 


CANADIAN SECTION OF A.W. 


tough assignment when attempting to catch action. 








Officers 


Trustee—A. L. McPhail, Supt. of Water, 
St. Catharines, Ont. 

George Morgan, Victaulic Co., Ltd., Toronto 
(President, Water Works Equipment Assn. 
of Canada) 

Trustee—-T. M. 

Chathan, 


S. Kingston, City Engineer, 
Ont. 


Mr. Henry pointed out the great 
need for Canada and the United 
States having dovetailing systems of 
priorities and allocation of materials. 
This because of great dependability 
of Canada on the U. S. for many 
supplies, electrical equipment in par- 
ticular. Movements have been start- 
ed to have the W. P. B. order P-46 
apply in Canada also as a marked 
help to utilities. Although Canada’s 
system has always been one of allo- 
cation almost completely, the U. S. 
priorities system really controls the 
Canadian supply for allocation. In 
Canada the maintenance and repair 
situation is suffering considerably 
because there is no priority rating 
which gives utilities any rights in 
replacement and repair materials. 
Since Canadian utilities have no pri- 
ority numbers to place on orders, se- 
curing U. S. materials is an ex- 
tremely difficult matter. Since, how- 
ever, there was a good possibility of 
getting P-46 extended into Canada, 
there was light on the horizon. Mr. 
Henry lauded the W. P. B. on its 


W.A. TURNS OUT 


The Show Is On—and a Good One 


Anyway, it’s fun to try it. 


methods of keeping industry in- 
formed constantly on — priorities, 
changes and controls. In Canada, 
manufacturers lack knowledge of 
what can be done and there are too 
many places to go for allocations 
and licenses. 

Mr. Henry stressed the fact that 
in Canada extensions by utilities is 
not permitted and appearances are 
out, service being the only matter 
that counts. He pleaded with water 
works men to keep spent materials 
moving and-.to keep the possibilities 
of substitutions for scarce materials 
foremost in mind—a challenge to en- 
gineers. His further plea was to 
gather together all possible metal 
scraps and put it back into circula- 
tion without waiting for what may 
be considered a worth moving lot. 
Every little helps more now than a 
lot later. 

Following Mr. Henry, A. E. K. 
Bunell, Director of the Utilities 
Service Administration of Canadian 
Wartime Prices and Trade Board, 
presented a picture of price control 
which takes in utility rates as well 
as wages. Utility rates are based on 
prevailing rates during 90 days prior 
to Dec. 31, 1941. As to revisions up- 
ward, if conditions warrant, such is 
permitted. In cases of municipally 
operated utilities, as long as one is 
making a profit, the other may be 
losing, but no rate increase will be 
permitted until a net loss can be 
proven. 

In Canada it has apparently been 
automatically required that wages to 
municipal employes be raised a pre- 
scribed per cent or a minimum per 
diem to meet increased living costs. 
Many case questions of a clarifying 
nature were put to Messrs. Henry 
and Bunell by members. 

Because Canadian water utilities 
are experiencing considerable diffi- 
culty in securing materials for 
minor expansions, maintenance and 
repairs, a resolution was voted by 
the Section recommending to the Ex- 
ecutive Committee that the Director 
General of Priorities at Ottawa in- 
troduce without delay suitable pri- 
ority authorization to assure avail- 
ability of such maintenance and re- 
pair supplies to water supply works. 


STRONG 
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The light wasn’t much to boast about and the exposure of 1/10th second and lens wide open at F, 1.5 is a 





Technical Sessions 
(Chairman Wm. Storrie presiding) 


“Influence of Plant Design and 
Construction Upon Filtration Prob- 
lems, Illustrated by Special Refer- 
ence to Buffalo, N. Y.,” by Henry F. 
Wagner, Chief. Chemist, Division of 
Water, Department of Public Works, 
Buffalo, N. Y. 

Mr. Wagner discussed the disad- 
vantages of experimenting in design- 
ing new filtration plants and pointed 
out that operating problems which 








Programmers 
Mills, Chief Filter Ope:ator, 
Belleville, Ont. 


H.C. 


Edw. V. Buchanan, Mgr. Public Utilities, 
London, Ont. 
Norman G. MacDonald, Consulting Engr., 


Toronto 


appear to be minor ones may have 
far-reaching effects. Raw water 
characteristics and proper treatment 
methods are now well established 
for most sections of this continent. 

Proper preconditioning of water 
ahead of filtration is essential, and 
false economy at this point may be 
dangerous. Attempting to accom- 
plish both mixing and flocculating 
operations in one step is an example 
of this. At Buffalo, while the low 
lift pumps provide excellent mixing 
of coagulant with the raw water, 
there were indications that the alum 
was not fully dissolved. Study 
showed the solution pots of the dry 
feed alum machines to be of insuffi- 
cient capacity, giving only a few 
seconds actual detention time. Stain- 
less steel dissolving tanks have been 
installed and a rotometer is used to 
control the water supply; result, bet- 
ter coagultaion and a saving of alum. 

High wash water rates are possi- 
ble only if the plant design provides 
ample freeboard above the sand level. 
A rise of 36 in. per minute is used 
at Buffalo, where overflow troughs 
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Present at the Past-Chairmen’s Luncneon 
(All being Past-Chairmen) 


(Rear Row)—Ross Dobbin 
(Front Row) 


(London), Wm. E. MacDonald (Ottawa). 


. (Peterborough), 
Pequegnat (Kitchener), Chas. J. Des Baillets (Montreal), D. 
—J. Clark Keith (Windsor), Wm. L. McFaul (Hamilton), E. V. Buchanan 


Geo. H,. Strickland (Winasor), marcet 


M. Hanna (Windsor). 


(Present at the meeting, but not at the luncheon, were Past-Chairmen W. C. Miller o} 
St. Thomas and Norman J. Howard of Toronto.—Photograph by courtesy, “Water & 


Sewage” of Toronto.) 


are 20 to 26 in. above the bed, and 
no sand is lost. It has been found 
that Anthrafilt not only enables 
longer filter runs, but that a saving 
of wash water is possible in those 
filters in which sand has been re- 
placed by Anthrafilt. Better expan- 
sion of the bed is possible since a 
0.7 mm. Anthrafilt weighs 55 lbs. per 
cu. ft. and a similar size of sand 
weighs 100 lbs. per cu. ft. At Buf- 
falo substantial wash water rates 
are believed to be economical even 
though filters are equipped with 
Palmer filter agitators. 

Adequate excess pumping capacity 
has proved its worth in several in- 
stances and a 24 hour reserve de- 
mand is not considered excessive. 
Clear water wells likewise should be 
of sufficient capacity to provide con- 
siderable storage during interrup- 
tions in filtration. These and many 
other practical experiences comprised 
a paper of exceptional interest. 

In reply to questions, Mr. Wagner 
explained that the new alum mixing 
tanks have a detention time of 25 
to 30 minutes and that the size was 
determined by laboratory study. For- 
merly considerable undissolved alum 


George Morgan 
Victaulic Co. Ltd. 
and 
Jas. B. Kinney 
W € T Co., Ltd. 
(President and Secretary 
Water Wks. Equip. Assn.) 


WATER WoRKS & SEWERAGE, June, 1942 


Donald McVicar 
Operator 


W. A. Allan 
Supt. of Water 
St. Thomas, Ont. 


was found in the settled floc. Exact 
savings of coagulant cannot be de- 
termined until a longer operating 
period has elapsed. Filter beds in 
which all sand has been replaced with 
Anthrafilt are considered best, 
though existing sand filters may be 
“capped” with Anthrafilt to provide 
a top roughing filter layer. 

Mr. L. R. Howson, Chicago (Pres- 
ident, A.W.W.A.), commented on the 
extensive adoption of Palmer sur- 
face wash units in filtration plants 
of the Central Western States. In 
that locality it has been generally 
concluded that a wash water rise of 
no more than 24 in. per minute is 
required. Sand of more than usual 
effective size will be employed in the 
new Chicago filtration plant. De- 
signed for 320 m.g.d., the filters will 
be operated at rates as high as 4 
gal. per sq. ft. per minute. He 
agreed that only good operating ex- 
perience could insure good engineer- 
ing experience. 

Mr. Wagner explained the high 
wash water rates at Buffalo as neces- 
sary, not to loosen accumulated sand 
coating but to raise and carry it to 
the overflow troughs. Bacterial re- 


movals are found to be the same on 
Anthrafilt or on sand beds. 


“The Future of Water Chlorina- 
tion,” by Harry A. Faber, Research 
Institute, 


Chemist, The 
Inc., New York. 


Modern methods of water chlo- 
rination represent an evolution from 
simple to highly developed proce- 
dures. While the advantages of dis- 
infecting polluted raw water with 
bleaching powder were recognized 
and while this form of treatment 
was coming into general use for a 
period of five years prior to 1912, it 
was not until that year that a real 
impetus was given to dependable 
chlorination. The first liquid chlo- 
rine made in America was produced 
at Niagara Falls, N. Y., in 1909 and 
the first device for feeding liquid 
chlorine for disinfection of water 
was placed in operation at the filtra- 
tion plant of the same city in 1912. 

Improvements in equipment fol- 
lowed rapidly, and now soundly de- 
signed devices for either gas feed or 
solution feed application of chlorine 
are available to provide doses 
ranging from a few ounces to sev- 
eral tons of chlorine per day. Effec- 
tive chlorination depends upon a 
number of factors, of which only two 
can be readily controlled: the chlo- 
rine dose and the contact time. Def- 
inite progress was made when it was 
recognized that residual chlorine, 
rather than the original dose, pro- 
vided the best assurance of bacterial 
kill. 

Chlorine by-product or medicated 
tastes, which appeared in certain 
waters containing algae or indus- 
trial wastes, presented a problem. 
Then it was learned that the appli- 
cation of ammonia with chlorine 
would materially decrease taste and 
odor troubles while still enabling 
disinfection to be attained. Chlorine- 
ammonia treatment is now widely 
used, more especially to aid in carry- 
ing a persistent residual throughout, 
the distribution system. By this 
means it is possible to prevent bac- 
terial after-growths, biological de- 
composition in dead ends, and cer- 
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tain types of tuberculating slime 
bacteria. 

Chlorine has found considerable 
use in manufacture of water coagu- 
lants, iron salts which are especially 
effective for treatment of waters 
high in iron and manganese. An- 
other combination, that of chlorine 
with copper sulfate or of chlorine 
with ammonia and copper sulfate, 
has so far received only limited 
study. The application of metals or 
metal salts together with chlorine 
has been found by some _ investi- 
gators to increase the effectiveness 
of disinfection and to more readily 
destroy algae. 

Only within the last three years 
have the full possibilities of chlo- 
rination alone been more clearly in- 
dicated. In ordinary chlorination, 
the residual chlorine is present as 
combined chlorine, held by nitro- 
genous compounds and less effective 
as an oxidizing agent. Studies show 
that when superchlorination is car- 
ried beyond the break point, the 
nitrogenous substances are broken 
down and chlorine can exist in a 
free and highly active form. The 
so-called “flash test’? and other meth- 
ods being developed provide a means 
of differentiating between active and 
inactive residual chlorine. 

This more critical study and more 
critical evaluation of chlorination 
represents an outstanding develop- 
ment, since the most important rea- 
son for water chlorination is the de- 
struction of bacteria. Not only is 
there new equipment which permits 
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Chesley, Ont. 


automtaic control of chlorine feed, 
but even the maintenance of a def- 
inite excess of chlorine, despite va- 
riations in the demand of the water, 
is now possible. Further develop- 
ment of oxidation-potential equip- 
ment will assure a more scientific 
control of chlorination. 


With the better understanding of 
chlorine reactions, even further uses 
are possible in the future. There is 
already evidence that cysts of amebic 
dysentery and the virus of infantile 
paralysis may be destroyed by doses 
of chlorine well within practical 
limits. The modern use of so-called 
“wetting agents” in conjunction with 
chlorine has been found effective for 
surgical use and may even widen the 
application of chlorine in water puri- 
fication. 


“Modern Trends in Pumping Sta- 
tion Equipment,” by Norman G. 
McDonald, of Gore and Storrie, En- 
gineers, Toronto. 


Mr. McDonald, in his excellent dis- 
cussion of pumping equipment, in 
the very beginning pointed out that 
the municipal practice of accepting 
the lowest bid on pumping equip- 
ment frequently in the end proved 
the most costly practice possible. 
When considering power require- 
ments day in and out, the most ex- 
pensive pump could well pay for 
itself in short order due to the higher 
maintained efficiency and the first 
cost in reality should be completely 
forgotten in comparing bids. In 
other words, if bids could be analyzed 
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on net cost per m.g. pumped over a 
Yeriod of years the most expensive 
pumps might prove the best invest- 
ment by far. This matter of pur- 
chasing water works equipment on a 
first cost basis he loudly decried as 
a dear practice. 


In discussing centrifugal pumps 
he reviewed the improvement in de- 
sign resulting in markedly higher 
efficiencies of the centrifugal of to- 
day which involves the more costly 
design and construction for low spe- 
cific speeds and propellers of the 
radial flow design for the higher 
heads. For the very low heads, the 
most efficient and overall economical 
pump for large capacity is the pro- 
peller type pump designed to secure 
axial flow at the center or eye of the 
impeller and high specific speeds. 
For intermediate conditions the most - 
desirable pump is the relatively new 
design producing diagonal or mixed 
flow. He called attention to the newer 
designs permitting adjustments to 
propeller blade pitch to change capac- 
ity of the unit without loss of effi- 
ciency to more than about 5 per cent, 
an especially desirable feature for 
seasonal variations in demand. With 
the aid of power and head curves 
for four typical types of centrifugal 
pumps, Mr. McDonald showed that 
for fixed head conditions, high spe- 
cific speed pumps would be economi- 
cal, whereas for variable head con- 
ditions, low specific speed, variable 
speed drive or propellers with ad- 
justable blades are essential for eco- 
nomical and safe operation. 
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Concerning characteristics of cen- 
trifugal pumps, in choosing a unit 
to deliver direct into mains, the 
head-discharge curve should be a 
long flat one to insure a more: con- 
stant pressure under variable draft 
conditions. For pumping against an 
open reservoir or tank on the system, 
the..reverse is true. The steep head- 
discharge curve insures pump per- 
formance at full discharge capacity 
over the more even head to be 
pumped against. In such cases the 
nonoverloading type impeller can be 
employed. 

To minimize end thrust, modern 
design involves use of double suction 
impellers with the water flow di- 
viding equally, within the pump, to 
the two back-to-back faces of the 
one impeller. In this design for 
single and two stage pumps hardly 
ever is more than two stage units 
required. 


In the important matter of wear- 
ing rings between the casing and 
impeller, Mr. McDonald pointed out 
that the ideal of extremely fine or 
close clearances must be superseded 
by practical consideration and suffi- 
cient clearance to avoid unbalanced 
wear or seizure. In other words, 
performance efficiency was to be con- 
sidered on the basis of average over 
a substantial period of time and 
close clearance of wearing rings 
might produce a splendid efficiency 
picture for a brief time and then go 
downhill rapidly. The greater clear- 
ance between the rings and impel- 
lers might give a less impressive pic- 
ture in the beginning, but a far 
better one for the long-pull service. 
In support of this statement, oper- 
ating experiences were recounted. In 
a selection of wearing rings the so- 
called labyrinth type containing at 
least two or three bends should be 
specified. These rings permit the use 
of greater clearances without any 
important leakage (slippage) of wa- 
ter past the rings. For waters car- 
rying fine sand or muck grit grooved 
rings, which may be continuously 
flushed with grit-free water, are 
available. 

Cavitation, the common ailment of 
centrifugal pumps, indicated by the 
crackling noise like small gravel 
passing through the pump, is a con- 
dition chargeable to faulty design or 
operation under conditions for which 
the pump was not designed. The 
trouble may be caused by too high 
a specific speed or too great suction 
lift. In any case, the noise and 
pitting of pump parts is the result 
of the many partial vacuums set up 
and the later impact of water rush- 
ing into these voids or so-called cav- 
ities at tremendous speed. 
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1—Ross L. Dobbin, Manager, 
Utilities Comm. of Peterborough, Ont. 


2—Warren C. Miller, City Engineer, 
St. Thomas, Ont. 


3—Wm. L. McFaul, City Engineer, 
Hamilton, Ont. 


4—Chas. J. Des Baillets, Chief Engr., 
Moutreal Water Board 


5—Geo. H. Strickland, Supt. Filtration, 
Windsor, Ont, 


Mr. McDonald pointed out the mis- 
take often made of providing pumps 
for boosted fire pressures on the sys- 
tem but operation at normal heads 
lower than that producing highest 
efficiencies. The operating costs in 
such cases is wastefully high and 
the better economy would be to pro- 
vide special standby units for fire 
service, or to provide booster pumps 
on a bypass in the station discharge 
line. 


At this point Mr. McDonald dis- 
cussed pump driving units at some 
length—motors, turbines, Diesel and 
gas engines. Control equipment for 
electric motor drive had recently 
been perfected at a rate exceeding 
electric motor improvements. For 
small municipal supplies the squirrel 
cage induction motor with full volt- 
age starting and equipped with ad- 
justable pitch shieves and V-belts 
constitutes a very economical, effi- 
cient and suitable drive. For the 
smaller installation of full voltage 
starting induction motors the simple 
magnetic starter with overload and 
under-voltage protection and oper- 
ated by push button remains the 
most popular type of control. Where 
a pump is to be automatically con- 
trolled by a pressure or time switch 
or operated from a remote station, 
the magnetic starter is especially 
suitable, reliable and low in cost. 


Diesel and gasoline engine drive 
was compared, the former being 
preferable for continuous or long 
period duty and the latter for stand- 
by duty. A chapter was devoted to 
the design of suction and discharge 
piping in pumping stations. The 
greatest common error made in the 
discharge piping of pumps is the use 
of an increasing bend almost imme- 
diately on the discharge nozzle. Such 
bends, if essential, should be of con- 
stant diameter and followed by a 
straight increaser. Better practice 
yet is the installation of an in- 
creaser directly on the nozzle so that 
the bend, when used, will have a low 





velocity and low head loss. 

Concerning check valves, wear of 
these units at the hinge has been the 
most noticeable defect, and these 
valves should be provided with re- 
newable bushings in the valve body 
to reduce wear and permit of repairs 
being quickly made. An improved 
check consists of a streamlined tilt- 
ing disc which is held wide open in 
non-fluttering position during pump- 
ing. Thus hinge wear is minimized 
greatly and since the hinges are well 
constructed and lubricated, its main- 
tenance cost is low. This check has 
no apparent particular superiority 
over others in the matter of valve 
slam but it creates considerably less 
head loss. The cone type valve with 
its dual function of check and shut- 
off is the preferred unit for pump 
discharge lines in spite of its greater 
cost. 

In an analysis of metering devices 
the venturi is first choice from the 
standpoint of head sacrifice. In this 
direction tubes with larger throats, 
producing lower head differentials, 
are being chosen since modern re- 
cording equipment is capable of op- 
erating accurately under lower dif- 
ferentials than in earlier years. Mr. 
McDonald warned of the likely in- 
accuracy of venturi meters unless 
there be a straight line flow to the 
meter representing 12 diameters, at 
least, of the pipe. On meters with 
low differential and, even greater 
length should be used. 

In closing, Mr. McDonald returned 
to the theme of “getting what you 
pay for’ when purchasing motor- 
pump units and cited cases to prove 
that quality pumping equipment 
soon pays for itself in power cost 
reduction. 


Guided Discussions 


Under the head of “Guided Dis- 
cussions” the first topic was in real- 
ity the presentation of a survey made 
by Ross L. Dobbin of Peterboro in- 
dicating an almost universal increase 
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in the per capita figures for water 
consumption during the past year. 
The conspicuous exception proved to 
be the St. Thomas case, in which 
metering had been effective in re- 
ducing an 84.5 gal./capita/day con- 
sumption to 69, the latter figure be- 
ing lower still if computed without 
increases in industrial consumption 
peing included. 


Topic No. 2—Maintenance of Filter 
Beds and Control Equipment 


(Leader—O. H. Scott, Belleville, 
Ont.) 


Q.—How frequently should filter 
walls and wash troughs be cleaned? 

In answer, Geo. H. Strickland of 
Windsor, who stated that the upper 
walls should receive frequent atten- 
tion and the lower walls once yearly 
with hot copper-sulphate solution. 
Troughs are cleaned once yearly and 
repainted every three years. Hy- 
draulic valves are overhauled every 
five years and painting of pipes, etc., 
is done every four years. 

Q.—Should filter beds be cleaned 
other than by back-washing; how 
frequently? Can mud balls be 
avoided ? 

Norman J. Howard felt that mud 


ball formation signified one or more: 


of the following: Water imperfectly 
coagulated; sand quality poor in re- 
gards to having too much fines; 
faulty washing. Relative to the high 
importance of proper sand quality 
and size of grains, Mr. Howard com- 
mented on the excellence of results 
obtained with crushed anthracite 
(“Anthrafilt”) of an 0.8 mm. size. 
The bacterial efficiency had been 
astoundingly good and the “Anthra- 
filt” more readily washed clean. He 
was of the opinion that “Anthra- 
filt” deserved more attention than 
had been given this media. Mr. How- 
ard had not found a combination of 
sand and “Anthrafilt’” bed satisfac- 
tory because of mixing taking place 
during washing. 

To remove mud balls at Welland, 
Ont., J. C. Street places top 2 inches 
of sand on a fine screen resting on 
the wash troughs, and breaks them 
up with a hose stream. A rake with 
wire mitting attached is used at each 
washing to pull out mud balls. 

At Belleville, Mr. Mills recircu- 
lates the top 5 inches of the beds 
through ejectors, it requiring 4 to 
15 recirculations to produce clean 
sand. The clean sand sinks and more 
mud balls come to the surface. After 
Many repetitions of the cleaning, the 
bed could now be considered clean. 
High Test Hypochlorite (HTH) was 
also employed at the rate of 4 lbs. 
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per 1 m.g.d. filter with further good 
effects. Since the cleaning, the free- 
board has increased from 27% 
inches to 3614 inches. 

Mr. Scott then revealed that “An- 
thrafilt” was being tried alone and 
in various combinations with sand. 

Q.—How often should filter under- 
drains be uncovered and examined? 


G. H. Strickland said that he didn’t 
know. The Windsor bottoms haven’t 
been uncovered in 20 years. Return- 
ing to mud balls, Mr. Strickland be- 
lieves that the quality of pre-treat- 
ment of the water is all important. 
In filter washing they employ a 4 
minute wash at 50 per cent of the 
regular wash, followed by full rate, 
which is only an 18 in. rise giving 
maximum of 30 per cent bed expan- 
sion of 0.5 mm. sand. 

H. G. Turner, State College, Pa., 
representing the Anthracite Insti- 
tute, suggested that clean coarse 
grained filter beds should be good 
for twice the customary rate of 2 
gal./sq. ft./min. He warned against 
trying “Anthrafilt” on top of sand 
unless more form of bed agitation 
is available to preclude accumulation 
of mud layers between the coal and 
the heavier sand beneath. In this 
connection he described the thor- 
oughness of the Palmer Filter Agi- 
tator for deep bed washing as well 
as surface wash. 


Intake Ice Troubles 


This topic was introduced by Geo. 
F. Shreve, Manager of Utilities, 
Oshwa, Ont., who recited the calam- 
ity which befell Oshwa when snow 
and slush ice in the lake extended 
down 27 ft. to seal the intake 2,600 
ft. offshore, reducing flow to a mere 
trickle. Without means for putting 
back pressure on the line, nothing 
else helped until Nature removed the 
snow field or caused it to float. 


Geo. H. Strickland, in answer to 
a question, stated that the Windsor 
intakes are equipped for back wash- 
ing ice from the intake with high 
pressure water. An important con- 
sideration is to watch for first indi- 
cations of onset of ice over the in- 
take. In 15 years only on two occa- 
sions had back flushing been neces- 
sary. The scheme involves the 
closing of the 42 in. valves and turn- 
ing in the pressure water, only about 
20 minutes being required. 


Diversion of Water Funds 


The last topic for discussion was 
a “Member’s Choice,” which proved 
to be a warm one. It developed into 
a recital by managers and commis- 
sioners of their problems in the mat- 
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ter of diversion of surplus water 
funds to other city uses. 

Mr. Hatcher of Galt, Ont., told 
how every three months he had been 
required to hand over all surplus to 
the Municipal Government. 


Mr. McCloud of Hanford, Ont., 
related how the City Administration 
had blocked the Commission from 
installing much needed meters for 
conservation of water needed by a 
new war industry. A fight ensued 
but the court ordered the Commis- 
sion to turn over $16,000 surplus to 
the city and keep only $285 for water 
utility uses. 


After this recital a Commissioner 
was loud in his complaint that Com- 
missioners as a group had not been 
given sufficient voice in the activities 
of the Section on matters pertaining 
to policy and there should be some 
assurance given by the utility mana- 
ger group that this problem of ways 
and means to stop diversion of water 
funds would receive the attention de- 
served. He wanted a_ resolution 
passed on it at this meeting. 


At this point Chairman Storrie 
had a few words to say. He pointed 
out that the manager was the em- 
ployee of the Commissioners, who 
were the proper authorities to set 
up and enforce policies. The present 
Utilities Commission Act of Canada 
is sufficient if lived up to by all par- 
ties. No municipality has any rights 
to direct surplus water funds so 
long as any of the debentures are 
outstanding. Neither have the Com- 
missioners any right to borrow 
money from banks, but they do in 
many instances. Mr. Storrie sug- 
gested that a body should be set up 
to adjust differences which arise be- 
tween Utility Commissions and the 
Municipal Administrations. 


E. V. Buchanan, Manager of Utili- 
ties, London, Ont., recently ‘faced 
with the same problem, averted it by 
telling the City Administration that 
before any funds were to be taken 
from the water surplus it would be 
the Commission’s duty under law to 
make a rebate to customers on past 
payments that were rightfully theirs. 
Otherwise the surplus is being ac- 
cumulated for the purpose of install- 
ing needed water softening in Lon- 
don, but only after the war is first 
won. That proved one answer that 
was apparently sufficient for the time 
at least, said Mr. Buchanan. 

After this the resolution demand- 
ed was drawn, discussed and re- 
drawn many times. In its final form 
it was a request to the Executive 
Committee to go further in their 
efforts to have the evil of funds di- 
versions stopped. 









































































































voted to peace it has taken a 

long time to prepare our minds 
for the full realization of what 
“total war’ means. Some opinion 
analysts doubt that we have reached 
that full realization even now. It is 
obvious that we have not fully 
awakened to our dangers from with- 
in at the hands of our hidden ene- 
mies, the saboteurs. Industries and 
municipalities are just beginning to 
see the imperative need of vigilance 
against internal enemies. 

The larger industrial plants now 
are adding to their protection by 
supplementing guard duty with anti- 
sabotage photoelectric equipment. 
Smaller concerns without armed 
guards are using such equipment to 
do the entire job of protecting 
against the saboteur. 


B ECAUSE we were a nation de- 
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Fig. 1—An Installation Pattern for 
Guarding a Tank, Gate House, Well, 
Small Reservoir, Etc. 

Light Source Units (L) Throwing 
Infra-Red Beams to the Receiver Units 
(R) opposite, to form the “Invisible 
Fence.” 


This method is used by many elec- 
tric and gas utility companies and 
to some extent by water works, but 
a full awakening to the dangers from 
internal enemies does not appear to 
have yet come to the water works 
field. Our enemies are making their 
own rules of warfare as they go along 
and nothing may be expected to deter 
them from using any means to fur- 
ther their objectives. 
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INVISIBLE LIGHT USED TO FIGHT 


SABOTAGE 


By R. E. APPEL 


Worner Products Corp., 
CHICAGO 


The Principles of 
Photoelectric Guarding 


Those who already know the op- 
erating principles of photoelectric 
detection will pardon the insertion 
here of a brief explanation for the 
benefit of those unfamiliar with this 
form of electronics. 

Essentials consist of a light-source 
and a receiver. The light source is 
an electrical unit which projects a 
concentrated beam of light through 
a light filter which produces invisible 
(infra-red) light. In the other unit, 
called a receiver, is a photocell which 
responds to the light beam projected 
onto it. Under the action of the light 
from the beam reaching the receiver 
an electric current flows through the 
circuit of which the energized pho- 
tocell is a part. The instant that the 


beam is interrupted, current stops , 


flowing in the photocell circuit. 
Through a system of amplifiers and 
relays in the receiver, this unit be- 
comes a switch for operating any 
alarm or signal system to which it 
is connected. Any interruption of 
the infra-red light beam does the 
switching and operates the alarm 
and signal system. Such an interrup- 
tion would be created by a man pass- 
ing through the invisible beam (light 
fence) between the two units. 

On these principles is built the 
photoelectric anti-sabotage equip- 
ment, but much elaboration and 
scientific development, based on the 
principles, are evident in the best of 
such anti-sabotage sets. 


How the Light Sources 
and Receivers Are Installed 


Naturally the reader will raise the 
question of how an installation for 
the protection of a water works is 
made. Details of any particular in- 
stallation cannot be published for 
obvious reasons. However, certain 
generalities may be stated here. 

Figure 1 shows the general prin- 
ciples used in laying out an “in- 
visible fence” to guard small open 
reservoirs, tanks, gate-houses, wells, 
etc. 

Figure 2 shows in greater detail a 
“corner” of the invisible fence. 

Anti-sabotage units for outdoor 
installations must be firmly support- 






ed in the proper position. The 
writer’s company accomplishes this 
by providing the instrument cages 
with a screw flange in the base. 
These flanges are threaded for 1¥, 
inch pipe, which is used for stan- 
cheons to support them, as shown 
in the installation pictured. Cement 
blocks, poured into the earth, well 
below the frost line, are used to sup- 
port the 1% inch pipe used for 
stancheons. 


Interiors of buildings are also 
guarded by _ anti-sabotage units, 
These are similar to the outdoor 
units except that they are usually 
made to operate over a shorter dis- 
tance and are not in weatherproof 
cases. They are supported by wall 
brackets instead of stancheons. In 
protecting interiors having small 
areas, the number of units required 
may, in some cases, be diminished 

















Fig. 2—A Fence Corner. 


Is Produced at (C) Where the Beams 
Passing Between Light Source and 
Receiver Units Cross. 


by using special focusing wall mir- 
rors to reflect the beam from the 
light source unit. In that way the 
beam from a single source may be 
made to criss-cross the room a num- 
ber of times. Interruption of a re 
flected beam has the same effect as 
breaking a direct beam. 
Anti-sabotage units may: be con- 
nected to operate any type of alarm 
or signal device. Where a number of 
units are installed, they are usually 
made to operate signal lights at 4 
central point when trespass occurs. 
Such a system not only gives warn- 
ing but also locates the trespasser. 
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for cast iron pipe. Every full length of pipe—whether for water, gas, sewer “< 
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OPERATION OF DISTRIBUTION SYSTEMS 
UNDER BOMBING CONDITIONS 


A Summary and Conclusions Based Principally 


OW that the United States is 
N trading bombs and rifle fire with 

a nation whose capacity for 
peace is nil—a nation having master 
minds capable only of treachery and 
deceit—it is proper to consider the pos- 
sibility of sabotage and actual warfare 
striking at our plants, and to plan for 
these contingencies in the light of ex- 
perience gained by others. 

During times of war, the maintenance 
of an adequate water supply becomes 
an essential line of defense for all 
municipalities—first to sustain life, and 
secondly to save property from bomb 
fires. As few cities are provided with 
secondary fire protection systems, it is 
necessary that water service be main- 
tained in a condition fit for domestic 
needs, regardless of the demand made 
upon the system. Breakage and 
destruction of water mains and sewers 
from bombs may happen here, and to 
prevent pollution and maintain con- 
stant service will call for forces and 
materials so well organized that they 
will function according to planned pro- 
cedure. Those in responsible charge of 
water works must first determine the 
vulnerable points in the system and 
secondly, plan a method of procedure to 
protect them. 


Sterilization 


Probably no method of safeguarding 
against pollution is better than chlori- 
nation, whether the contamination is 
deliberate or accidental. If bombs 
come, a high chlorine residual should 
be maintained throughout the distribu- 
tion system; it is not safe to depend 
merely upon’ heavily chlorinating the 
supply. The taste and odor of chlorine 
become of little importance when health 
is at stake. The British public has 
learned that a chlorinous taste spells 
safety, and complaints on this score 
are now few. Breaks, cross-connec- 
tions, back-siphonage, and the work 
of saboteurs must all be considered. 
The use of chloramines probably will 
be necessary—a practice which will 
please the public by giving better taste. 


Chlorine Equipment 
And Supplies 


Reserve chlorine equipment should be 
provided, so that quality may be main- 
tained in the system, even though the 
regular equipment may be rendered 
useless. This emergency equipment 
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should be procured immediately, as the 
demands will not be fulfilled, once the 
real need develops. As chlorine is no 
longer permitted for many swimming 
pools, some equipment will be available 
from this source. 

Hypochlorinators can be secured with 
sufficient capacity to meet the needs of 
all but the larger cities. This equip- 
ment may be used with both dilute and 
concentrated solutions. Sludge dif- 
ficulties will not arise if an attendant 
keeps the sludge stirred up. The best 
practice is to make up the solution, al- 
low it to settle, and then siphon off the 
clear supernatant liquid into another 
tank for use. 

The hypochlorinator may be used for 
both main sterilization and emergency 
use. It is easily portable, usually being 
carried by two men. When the 
hypochlorinator is actuated by a water 
meter in a by-pass hose line, the quan- 
tity applied may be closely regulated. 


Portable Equipment 


Each water works should have at 
least one portable chlorinator with sev- 
eral cylinders of chlorine, suitably 
mounted, to meet emergency conditions 
anywhere in the system. Some of the 
units now available are complete in 
every respect, requiring at most two 
taps in the main to inject either gas 
or solution under pressure. Some of 
the hypochlorinators are equipped with 
a small gas engine drive, which makes 
them suitable to meet almost any con- 
dition of use. 

Emergency chlorinating equipment 
should have sufficient capacity to ap- 
ply treatment of not less than 1 p.p.m. 
to the maximum flow treated. Under 
some circumstances sufficient pressure 
may not be available to properly oper- 
ate the chlorinator injector. Therefore 
provision should be made to continue 
the treatment with a low water pres- 
sure, or by auxilliary pressure sup- 


plied by means of a portable engine 
and pump. 

An ample reserve of chlorine should 
be provided to meet any unusual situa- 
tions. Either liquid or powdered form 
is suitable; and in an emergency the 
chlorine bleach used by launderies can 
become an adequate source of supply. 
All chlorinating equipment should be 
frequently tested to determine that it is 
in operating condition. Gaskets and 
packing cannot last indefinitely, nor 
should they be expected to do so. 
Leaking chlorine will corrode and pos- 
sibly ruin the equipment. 


Emergency Chlorination 


Emergency disinfection of bombed 
water mains is vital, as it is invariably 
found that the adjacent sewer has been 
blow to bits, permitting raw sewage 
to fill the crater containing the water 
main. Disinfection must be swift and 
sure; and a good water works man 
will go the limit to prevent the use of 
untreated water by either civilians or 
military. 


English Experience 
And Practice 


Water works face no greater dan- 
ger of pollution from any cause than 
from bombs. Debris, such as dirt, and 
especially broken pieces of the main, 
have been found as far as 600-feet in- 
side the pipe after a bomb blast. In 
England, greater attention to emer- 
gency sterilization is given to mains 
12-inch and larger in size. For these 
mains liquid chlorine is generally used. 
They feel it is undesirable to place too 
many cocks in the small mains, there- 
fore depend largely upon the effects of 
high test hypochlorite for sterilization. 

It is not enough merely to chlorinate 
when pollution is suspected. Pollution 
is not easily detected. A visual exami- 
nation is not to be depended upon. One 
cannot tell how far pollution may have 
been distributed inside a blasted main. 
A bomb crater may not show any bro- 
ken sewers, yet carry strong odors of 
sewage. In areas subject to bombing, 
a chlorine residual of about one p.p.m. 
should be maintained as emergency 
protection. 

High residuals must be carried where 
there has been possible contamination. 
Residuals of one to ten parts per mil- 
lion are quite common, and in some 
cases may necessarily be higher. Boil- 
ing will drive off the chlorinous odor. 

The foreman of the repair crew 
should be provided with a table show- 
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ing the amount of chlorine to add, de- 
pending upon size and length of the 
main affected. The chlorine must be 
applied at a point where it will be car- 
ried properly into the polluted sections. 
Often-times existing corporation cocks 
will serve: if not, the main should be 
tapped. The heavily chlorinated water 
should be held in the main for at least 
30 minutes (one hour is better), with a 
distinct odor of chlorine persisting. If 
the chlorine odor fades out in this time. 
the dosage should be increased. In 
England, to kill the chlorinous odors 
and tastes after the water is drawn out 
and fresh water introduced, they use 
hyposulfite of soda in weight equal to 
the chlorine added. 

After the repaired main is chlori- 
nated, it should be thoroughly fiushed, 
permitting the water to waste through 
a blow-off valve, air vent or near- 
by hydrant. The point of -discharge 
must be at* the opposite end from 
that at which ‘the main is.. filled 
and chlorinated, and the flushing must 
continue until the entire isolated sec- 
tion is cleansed. Some flush the main 
in both directions for best results. 
After the main is flushed, each con- 
sumer is asked to run his taps for one- 
half hour, and advised that drinking 
water for the next six days should be 
boiled. When the bombs come the pub- 
lic soon gets “water conscious” and 
does not get perturbed when asked to 
boil all drinking water. 


New Mains 


All new water mains should be 
heavily chlorinated, and samples taken 
before they are put into use. The 
chlorinated water, 40 to 100 p.p.m. resi- 
dual, is kept in the main from a mini- 
mum of about four hours to overnight. 
Complete records should be kept of this 
sterilization work together with the re- 
sults of samples; and filed for future 
reference. 

In laying new mains, each length of 
pipe is thoroughly swabbed inside with 
a strong chlorine solution by means of 
a mop mounted on a long handle. Both 
ends of the pipe are now sealed with 
expanding stoppers, which are removed 
only when the ends are joined in the 
trench. Specials and valves should be 
similiarly treated and handled. Service 
crews should wipe the tapping drills 
and materials with chlorine solution, to 
prevent pollution from this source. 


Meters should be dipped in chlorine 
solution before being installed, and the 
ends capped to prevent debris from en- 
tering the meter. Hydrants_ should 
also be sterilized in this manner. 


Pollution 


English cities have devoted much at- 
tention to preventing pollution of pot- 
able water supplies. So far in this war, 
it is believed, that no water borne epi- 
demics have occurred. Many tests have 
been made on the pollution of reser- 
voirs, with negative results. The mere 
presence of bacteria in a body of water 
does not mean that those who drink this 
water will contract the illness: such 
factors as the quantity of bacteria ab- 
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sorbed and the immunity of the person 
determine the result. 

Widespread pollution due to sabotage 
is not probable because the desired re- 
sults would not be assured; and the 
saboteur is therefore more likely to 
direct his. talent in other directions. 
However, attention is again being given 
to the concentration of dried typhoid 
germs to about 1/20th of their original 
weight. Although I have been unable 
to reach positive conclusions in this 
subject, I feel that we must regard it 
as a danger. 


Fire Protection 


One of the major problems of mod- 
ern warfare is the fighting of fires due 
to bombs. If a large excess draft is 
placed on the distribution system, it be- 
comes increasingly difficult to maintain 
the quality of the water in the system, 
but even considerations of health must 
give way to the needs of fire fighting. 
However, this must not be construed as 
advocating polluted ° cross-connection 
supplies. 

If the fire insurance..investigators 
have recommended certain reinforce- 
ments or improvements to your system, 
these should not be deferred, as the 
chances are that the system will be too 
weak to meet all the exigencies of war. 
Only the closest co-operation between 
water works and fire department will 
fully meet the situations which may 
arise. Each must be fully informed 
of the problems of the other. 

All water consumers. should be 
warned to limit domestic use and con- 
serve the water and pressure available 
for the use of the fire department in 
case of bomb fires. This necessary 
notification must be arranged before 
trouble occurs. All leakage from the 
system should be discovered and elimi- 
nated, and all unnecessary uses of 
water curtailed. 

As to the probable amount of water 
which will be required for fires caused 
by bombs, not much can be said, inas- 
much as little or not data on this sub- 
ject has come from England. However, 
the draft will probably require the en- 
tire facilities of any water works. If 
the mains are broken, then the problem 
is further complicated. As the break- 
age of large mains must be anticipated, 
supplementary supplies stored in large 
steel tanks, burned-out basements, 
and other improvised reservoirs are 
provided. 

England has found an unexpected dif- 
ficulty in the collapse of buildings over 
hydrants, valves, ete. The location of 
all such points of danger in the system 
should be noted, and possible changes 
made to eliminate as many of them as 
possible. 


Procedure Following Bombing 


No two situations are ever the same, 
but there are certain fundamental 
methods of procedure to minimize bomb 


damage. The following routine has 
been found applicable in many 
instances: 


1. Valve off the affected area, clos- 
ing those valves as close as possible to 
the breaks. 
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2. Provide by-pass supply if Possible 
to maintain the supply in the area, 

3. Repair the damaged water maing 

4. Take all necessary steps to deal 
with contamination. 

5. Provide water from auxiliary sup. 
plies if necessary. 

The more important or larger mains 
must obviously be handled first. Some. 
times it is possible to resume service 
immediately by connecting the ends of 
the damaged main with special flexible 
rubber tubing across the break. This 
gives the repair crew a chance to ef. 
fect a proper repair and maintain water 
service in the area at the same time, 
Whatever method of repair is used, the 
size of the main will be a determining 
factor. 

After the repair crew arrives at the 
site of the damage, and while the crew 
are valving off the area, the foreman ip 
charge should gather all information 
regarding the extent of damage, so that 
all necessary equipment, and no more, 
may be quickly brought to the scene, 
Damage to water pipes is a matter of 
chance; the damage is usually not con- 
fined to a single point, but the morning 
following air raids generally discloses 
that widespread repairs are required, 
To meet such emergencies, one should 
never forget that putting two water 
mains in the same street is very bad 
practice: trouble is doubled by that 
practice. 


Maintenance of Water 
Service 


Few people realize the tremendous 
penetration of modern bombs, and dam- 
age which may result, due largely to 
earth shock. Water mains may be 
damaged as much as fifty feet from 
the crater, the distance of effect de- 
pending upon many factors, such as 
weight of bomb, depth of explosion, 
material penetrated, length of delay 
fuse, etc. The average diameter of 
crators is about 20 feet. If the pene- 
tration is considerable, the explosion 
acts as a tamped charge and causes 
damage over a large area. The shatter- 
ing waves, propagated through the 
earth, produce a displacement of ma- 
terials in a radial direction. The vibra- 
tions cause joint leaks which often give 
no visible indication of their location, 
further complicating the problem of 
repairs. 

For temporary supplies of drinking 
water, it may be possible to establish 
by-pass lines, by means of hose con- 
nections laid along the street gutters. 
Usually such connections are made to 
nearby fire hydrants. In case a large 
district has been deprived of its domes- 
tic water supply it may be necessary to 
provide sterilized water in tank wagons. 
No satisfactory method of providing in- 
dustrial supply has been found until 
complete service is resumed. 


Auxiliary Supplies 


The cities of England found to their 
sorrow that they had not given suf- 
ficient consideration before the war to 
the provision of emergency water sup- 
plies: In this country a survey should 
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be made in each community to inven- 
tory all possible sources of supply. Ir- 
rigation, industrial, private, and other 
sources should be tabulated, and their 
capacity and dependability determined. 
Laundry plants and soft drink con- 
cerns generally have large, pure sup- 
plies which may be used without fur- 
ther treatment. These plants should 
be used in an emergency. The fire de- 
partment is vitally interested in these 
sources of supply, and their active co- 
operation should be sought. Power 
facilities should be a matter of record, 


London has provided many hundreds 
of tank trucks, with capacities from 500 
to 2,000 gallons each; and in emer- 
gencies they have used gasoline and 
milk tank trucks to deliver drinking 
water. Sufficient equipment of this 
nature must be provided to supply the 
minimum quantity of water for per- 
sons in areas where the supply has been 
discontinued. The operators of this 
equipment should be trained for this 
special type of service, and the com- 
munity must be educated and prepared 
to cooperate with such service when it 
becomes necessary. 

Many English cities have portable 
pumps which may be moved into the 
pumping plants if bombs damage the 
main pumping equipment. Such dupli- 
cation of equipment has much merit. 


Large Supply Mains 


Probably the most serious disruption 
of service would be the breaking of the 
main supply lines—a remote possibility, 
yet one that can happen. To disrupt 
the line by sabotage, probably would 
require so much preparation that de- 
tection would be unavoidable before 
damage could be effective. Direct hits 
by bombs are not likely, as the small- 
ness of the object affords considerable 
protection. 

However, these long supply mains af- 
ford a number of assailable points 
which should be given protection of 
some sort. River crossings, especially 
if carried on bridges, are readily open 
to damage in various ways. Gate valves, 
air release valves, air intake valves, 
blow-off valves, pressure reducing 
valves, manholes, and all such features 
should be covered with earth wherever 
possible, so that identification or loca- 
tion of the structure is difficult. The 
engineering division can easily pro- 
vide relations records of such buried 
structures. Such points provide access 
to the water for infection or poisoning. 
If they can’t be buried, they should be 
placed in substantial vaults with strong 
locks. Frequent patrols of the lines 
should be made, and all such structures 
inspected to make sure that they are 
in good working eondition and have not 
been tampered with. 

In reconstructing structures of this 
nature, the English have found that 
contractors’ forces and equipment ef- 
fected the repairs more speedily and 
effectively. than the regular water 
works personnel. A survey should be 
made to determine who would be avail- 
able for emergencies of this nature. 
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Valves 


It is the experience of water works 
men that gate valves seldom, if ever, 
give trouble except when being oper- 
ated. The stem seems to be the weak 
line in valve design; but the fact must 
not be overlooked that careless and in- 
experienced valve operators can quick- 
ly ruin any valve. 

It is very important that regular 
valve inspections be made and the re- 
sults of the survey filed for permanent 
record. In cold climates these inspec- 
tions should be made at least twice 
yearly—spring and fall. All faulty 
valves must be repaired as quickly as 
possible—nothing less than first class 
operating condition should be tolerated 
at any time, as under war stress con- 
ditions these maintenance costs pay 
large dividends. 

Valve operators must be thoroughly 
familiar with their districts, and know 
the characteristics of each and every 
valve. Complete and accurate records 
are of untold value. Operators must 
see that all valves that are supposed 
to be open, are open, and those which 
are supposed to be closed, are closed. 
Each operator should be provided with 
maps showing the location of every 
valve, with sufficient identifying points, 
so that if one measuring point is de- 
stroyed, another point may be sub- 
stituted. Maps of this nature must be 
guarded from enemy agents. 


In the larger systems, power-operat- 
ed valves with remote control should 
be placed in the strategic locations; so 
that the more important areas may be 
valved off from a central control. There 
are many advantages from such use of 
automatic equipment. “For maintenance 
purposes, the waterworks ‘must have a 
complete stock, not only of repair parts, 
but of complete valves of every size and 
description, for it can be expected, that 
complete valves must be replaced at 
times. et 


Damaged water mains must be valved 
off as quickly as possible, not only to 
conserve water, but to prevent greater 
damage to surrounding structures, and 
further chances for pollution. Only 
trained personnel can be successfully 
used for this purpose, and of necessity 
they must frequently work under grave 
danger, even while the bomb raid con- 
tinues. The valve operators are the 
first group to function after the bomb 
raid—the repair men are the second 
group. 

The present war has clearly demon- 
strated that the distribution system 
should be well provided with valves, so 
that sections of not more than 500 feet 
of main in the mercantile and industrial 
areas and not more than 800 feet of 
main in the residence areas may be 
readily cut off from the rest of the sys- 
tem. This will require a valve on each 
main entering a street intersection, or 
three to four valves for each intersec- 
tion. A complete survey will disclose 
the necessity for additional valves. 
Bear in mind at all times, that the cost 
of valves is much less than the loss of a 
single building. Some street interesec- 
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tions may be quite vulnerable to bomb 
attack; and therefore it may be neces- 
sary that locations of certain valves 
should be altered. In other cases the 
location should be changed so that if 
buildings fall a minimum of excavation 
or shifting of debris will be necessary. 

Delayed action bombs have greatly 
increased the hazards of the valve 
operators. If an unexploded bomb 
exists, valve off this area just as if the 
bomb had exploded, until the bomb dis- 
posal squad can eliminate the hazard. 
Valves offer excellent opportunities for 
malicious acts. They can be closed dur- 
ing conflagrations; the valve box may 
be tightly packed with debris; or other 
mischief done. At times it is neces- 
sary to conceal the box covers, in which 
cases reference measurements must be 
made and recorded. During large fires 
it may be necessary to place guards 
over each important valve. 

All curb stops of every size to unoc- 
cupied buildings should be kept rigidly 
closed; otherwise they will permit waste 
of water. Such curb stops also offer 
opportunities for introduction of 
poisons and infectious liquids into the 
system by the use of pumps. 


Emergency Supplies 
and Equipment 


Cities in England experienced much 
difficulty in securing necessary emer- 
gency supplies in the early part of the 
war, and it was not until actual bomb 
damage came that those in control re- 
linquished such supplies. In this coun- 
try, each water works should be pro- 
vided with such special materials as 
may be necessary to effect quick tem- 
porary repairs; also stock’ for regular 
water main repairs must be greatly in- 
creased. The present emergency will 
naturally restrict the ready replenish- 
ment of existing stocks and increase 
the difficulty of securing stand-by 
materials. 

In normal times it is considered good 
management to have a reserve stock of 
about 150 per cent of the amount of 
supplies which will be required before 
replenishment can be accomplished; but 
during war time it is better to carry 
not less than 250 per cent of the stock 
which will be consumed while additional 
supplies are being secured. Prepared. 
ness planning of this nature is an im- 
portant part of the defense of each 
water works. All possible emergencies 
must be charted and action planned to 
meet any condition which may arise. 


Supplies 


Those in charge of each local water 
works are best fitted to determine just 
what emergency supplies should be pro- 
vided. Requirements vary with local 
conditions, but it is plain that most 
water works should carry an ample 
stock of repair parts for pumps, motors, 
chlorinating equipment, and _ other 
mechanical units, as well as repair 
parts for valves and hydrants, sleeves, 
couplings, pipe plugs, fire hose, tees, 
crosses, reducers, wyes, chlorine, and 
various pipe materials. Above all, do 
not keep all supplies in one storage 























































































































































































location, for this can be disastrous when 
bombs fall. 

In making quick emergency repairs 
there is little time to run lead joints; 
therefore joints must be made of the 
flexible, screwed, or detachable types. 
Many fittings of this nature are avail- 
able. Plugs, of various types, are es- 
sential to close the ends of broken 
mains. The tapered wooden plug, held 
in place with steel band and rods is 
always to be considered. Cast iron 
plugs, of patented types are all excel- 
lent. Plugs permit continued service 
in many districts which would other- 
wise be without water service. Sleeves 
also permit quick repairs; and nothing 
has yet been found which is so essen- 
tial for repair work. If the system 
contains no wyes, this item should not 
be stocked, but on those systems where 
wyes have been installed, a plentiful 
supply should be kept. Wyes are more 
apt to break than other fittings, the 
design being fundamentally weak 
against rupture. 

It is not necessary to secure close 
fitting repairs for emergency work. 
Temporary pipe lines, joined with 
sleeves, may be laid above ground. 
Most of the pipe supply should be se- 
lected with reference to the facility 
with which it may be laid during an 
emergency. Under some _ conditions, 
steel pipe with welded joints may be 
suitable. Steel pipes with flanged con- 
nections are easily laid, but this type 
of joint is difficult to secure at the 
present time. In England, much use 
has been made of cement-asbestos pipe 
for emergency repairs. It is light, 
easily transported, and quickly and 
easily assembled and connected. 

For bridging craters, telescopic pipe 
sections are extensively used. A pipe 
section with a gland connector which is 
large enough to fit over fractured mains 
is applicable many times. Often-times 
use is made of several lines of fire 
hose, in which case special hydrant con- 
nectors must be provided. Four lines of 
2%-inch hose are equal to a 4-inch 
water main. 


Stand-by Power and Equipment 


If only one source of power is de- 
pended upon, the water supply may fail 
in emergency; and many water works 
have accordingly installed stand-by Die- 
sel or electric power. Such auxiliary 
supplies must be adequate, that is, suf- 
ficient to meet all power needs. 

Equipment to meet emergency needs 
should include trucks, excavating ma- 
chines, compressors, cranes, trench 
pumps, etc., all of which are necessary 
to make repairs quickly. Portable 
lighting and pumping units, indepen- 
dently powered, are necessary for each 
emergency repair crew. Records of 
equipment replacement should be re- 
viewed for the past ten years, and from 
these data a definite policy formulated. 
The need for heavy equipment increases 
during war times, while the ability to 
secure it is lessened, but government 
authority for delivery can be secured 
where the need really exists. 
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Equipment and Supply Pools 


England has provided legislation en- 
abling the water works administrations 
to form themselves into various pools 
to assist each other in maintaining ser- 
vice, and to purchase, as a pool, all nec- 
essary equipment and supplies to meet 
their needs. The pools serve all mem- 
ber water works and the cost is borne 
proportionately. 


These materials and items of special 
equipment are deposited at convenient 
locations. This saves much expense to 
all; and the formation of these mutual 
assistance pools has been amply justi- 
fied. In many instances these pools 
have provided immediately personnel 
and materials which otherwise would 
not have been available. Such assist- 
ance makes available the resources of 
the unaffected areas to meet any local 
needs. 

Tests for the satisfactory operation 
of emergency equipment, should be fre- 
quent. Keep reports of such tests. 
Every possibility of adverse operation 
should be anticipated, and the capacity 
of each unit definitely known and 
properly allowed for in emergency 


plans. The frequency of such tests 
should be increased above normal 
schedules. 


Emergency Crews 


Quick and effective repairs to dam- 
aged distribution systems require that 
special crews be provided and trained. 
The men comprising these crews must 
be versatile; not only knowing how to 
make repairs, but also trained in first 
aid to meet various emergencies. These 
crews should be an expansion of the 
present water works crews, and the 
work done under the direction of the 
water works men in charge. It is not 
logical that just anyone be designated 
to carry out such important and skilled 
work. 

The emergency crew members must 
be energetic and ambitious—men eager 
to do their full share of the task con- 
fronting them—for only when such a 
spirit prevails can the work be accom- 
plished quickly and efficiently. Means 
must be provided for the quick dis- 
covery and reporting of breaks and 
damage. 


War emergency work requires 24- 
hour schedules; and the crews must be 
strategically located over the area, to 
be on the job quickly when needed. They 
must be in communication with patrol 
headquarters to receive all information 
quickly. Their shifts must be such that 
their service areas are not left unpro- 
tected at any time. 

Under ordinary circumstances it may 
be said that the time required to repair 
a water main will be about one hour 
for each inch of diameter of the main 
affected; but if deep crators, large piles 
of debris, masonry structures, etc., in- 
terfere, the required time will neces- 
sarily be increased—even to several 
days in some instances. 


Valve operators are the first men on 
the job when bombs have damaged the 


distribution system. These men are on- 





first call, other members of the crey 
reporting only when a raid is sounded 
Some members of the valve crew shoul 
be ready for duty at any moment; and 
they must carry on with their work 
except when it is absolutely necessary 
to take cover from bombs. 

After damage is reported these men 
go out and close off or isolate the dis. 
trict. Their headquarters is generally 
the air raid warden’s post, where they 
are in communication with the water 
works officer at the central control post, 
They must report whenever the air raid 
warning is received or it is evident that 
an attack has been made. They are 
provided with protective clothing, fylj 
plans of the water valves, first-aid out. 
fit, message forms, valve keys, hammer, 
etc. Duplicate sets of tools and equip. 
ment must be kept for them. They 
must be careful of unexploded bombs, 
and leave such areas to those respon- 
sible. In England it has been found 
necessary to provide living quarters for 
the men of the emergency crews, but 
such quarters are occupied only during 
times of intense bombing. 


Distribution System 


Except in the very small water 
works, the distribution system should 
be divided into divisions for mainte- 
ance and emergency repair operations, 
Each division is in charge of a foreman 
who directs all work in his area, even 
in emergency when gangs are moved in 
from other divisions. Each division 
should have its own equipment and sup- 
plies. If one division is blitzed, then 
adjacent divisions come to the rescue. 
If the supply is totally cut off from the 
area, the crew makes provisions to de- 
liver about 25 to 30 gallons of water per 
day to each family from portable tanks 
Loud speakers are used to notify those 
living in the area when the water tanks 
will pass down each street. In London 
it has taken a week to relay even as 
little as 72 feet of 18-inch main when 
the area was being constantly bombed. 

In the United States it will probably 
be possible to secure W.P.A. labor for 
the repair of bomb damage, when and 
if it comes. A repair crew of this na- 
ture often must consist of about 75 men 
sometimes more. These men could be 
organized to work under the direction 
of the water works foreman. For 
ordinary maintenance, the crews should 
consist of not more than five men, but 
in emergency they must be quickly ex- 
panded in numbers. A large number 
of simultaneous breaks will require ef- 
fective organization plans. One fea- 
ture of such plans is quick transporta- 
tion for men and materials from one 
division to another. 

To meet the demands of war, the pipe 
system must be designed in such man- 
ner that no single area is entirely de- 
pendent upon a single water main. 
This not only calls for much duplica- 
tion of pipe lines, pumping equipment, 
and storage facilities, but also for 
proper interconnections in the system. 
This is especially true of the industrial 
and commercial areas. 
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If the industrial area is devoted to 
defense manufacturing of any nature, 
it is particularly subject to bombing, 
and reinforcement of mains is essential. 
This requires many extra valves and 
hydrants. Any reinforcements recom- 
mended by the fire underwriters should 
be made. Many systems contain weak 
spots, where it is impossible to get re- 
quired fire flows. This is due to insuf- 
ficient pipe capacity, or in some cases, 
to the need for having the water mains 
cleaned and restored to original ca- 
pacity. These weak spots can be de- 
tected easily by conducting ordinary 
hydrant flow test surveys, which are 
quite simple and inexpensive. 

In England a policy of dispersal is 
followed in laying out the routes of 
water mains. Several mains, all laid 
along different routes are used to con- 
duct the water to the areas of use. 
These are frequently interconnected, 
proper valves being a necessary feature. 
These mains have such strength, and 
are so inter-connected, that one or more 
large feeders may be rendered useless 
without serious impairment to the sup- 
ply. English cities find this arrange- 
ment a great asset. 

It is necessary to study your distribu- 
tion system thoroughly to determine 
areas or points of inadequacy, and to 
plan proper strengthening. Any or all 
of the following may be required: ad- 
ditional storage, new mains, cleaning of 
old mains, elimination of dead ends, in- 
stallation of extra valves and hydrants, 
and other like reinforcements. Small 
mains in built up areas must be re- 
placed with larger mains, but by 
judicious investigation and designing, 
it is often possible to select one new 
water main which will give adequate 
capacity to a weak district. 


Sabotage 


It is unlikely that the greater part of 
the United States will ever experience 
indiscriminate and widespread bomb- 
ing; but sabotage will occur to every 
water works unless careful plans are 
taken to prevent it. This will generally 
be the work of sympathizers, and the 
damage may not be great, but such can- 
not be anticipated. Willful contamina- 
tion is the thing to which most thought 
has been given. The public is greatly 
concerned about what would happen if 
poison gas or bacteria were to be placed 
in the reservoirs; but this method of 
attack, while possible, is not highly dan- 
gerous because it would require far 
more poison gas or bacteria than could 
be supplied, except under very favor- 
able conditions. The subject is very 
extended, and the handling and detec- 
tion of war poison gases requires ex- 
pert chemists; therefore it will not be 
treated further in this paper. 


Records and Maps 


Emergency crews are almost help- 
less without fully complete and accurate 
records and maps. These maps must 
show every feature of the distribution 
system, and the foreman of each divi- 
sion must have a complete set for his 
confidential use. These maps must be 
fully up to date at all times. From 
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the maps, the foreman knows the ex- 
act location of all valves, by-passes, 
cut-offs, etc., of the buried underground 
structures which otherwise might be 
impossible to find. The information 
contained in the maps must not be 
broadcast. In the interest of safety 
complete sets should be kept in at 
least two different locations. 


Hydrants 


Many additional hydrants must be in- 
stalled if the most severe conflagration 
conditions are to be fully coped with. 
During fires, hydrants are very vulner- 
able to sabotage, because of the ease 
with which they may be tampered with; 
it being not uncommon in England to 
find hydrants flowing full streams, 
many blocks from the actual bomb fires. 
In some cases the saboteur did not use 
a wrench, but resorted to more effective 
methods, such as backing a truck over 
the hydrant, doing damage which could 
not be repaired easily. To cope with 
such situations, a valve should be 
placed on each hydrant feed line. 
Hydrants must be regularly inspected 
and hydrant guards organized, which 
units can be quickly transported where 
most needed. 


Cooperation—Conservation 
—Communications 


No water works can effect quick re- 
pairs unless there is close and active 
cooperation with the other city depart- 
ments, and provision should be made to 
draw upon all corporate resources. 
Similar cooperation should be main- 
tained with other water works in the 
state. 

Water will not be available for fire 
fighting if conservation is not rigidly 
practiced in eliminating leakage and 
wastage from the system. This will re- 
quire -regular surveys, but their cost 
will generally be fully justified. 

To get orders and communications to 
the emergency crews it is necessary 
to work out the communication facili- 
ties which are to be depended upon. In 
the larger cities radio has much value, 
especially if provided with independent 
power facilities. In England great de- 
pendence has been placed in telephone 
and special messenger service equip- 
ped with bicycles, motor cycles, and 
autos. If the system adopted is not 
completely dependable, auxiliary sys- 
tems must be provided, so that the 
availability of crews to the supervisor 
will be prompt. 


Conclusion 


Preventing pollution of water after 
it has entered the system requires that 
those in charge have fundamental 
knowledge of many subjects, and that 
every maintenance and operation pro- 
cedure be thoroughly understood. In 
other words, the operation in war time 
should follow what is good practice in 
time of peace, with the exception of 
the required speed factor. All 
eventualities must be anticipated and 
a proper plan drawn to prevent later 
disaster. It is not pessimistic to keep 
prepared for any emergencies which 
may arise. It is better to take many 
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probably unnecessary precautions than 
to have neglected what will prove to be 
a vital safeguard when the emergency 
comes. 





“Concrete Pipe Lines” 
A Handbook and Engineering Text 


To our desk has come a rather ex- 
traordinary specimen of promotional 
literature, prepared at great expense 
for limited free distribution by the 
American Concrete Pipe Association. 


This 6x9 inch publication of 301 
pages, compiled and edited by M. W. 
Loving, an experienced Sanitary En- 
gineer of many years’ service as 
Secretary of the American Concrete 
Pipe Association, constitutes both a 
handbook on concrete pipe and ‘its 
uses and an engineering text on hy- 
draulics and sanitary engineering 
design. 


“Concrete Pipe Lines,” handsomely 
bound in simulated red-morocco, is 
profusely and expensively illustrated 
with engineering charts, diagrams 
and photographs of applications of 
concrete pipe in sewers, outfalls, 
drains, culverts, etc. Some idea of 
the value of the book as an engineer- 
ing text and handbook can be had 
by stating that Chapter I, “The Flow 
of Water in Concrete Pipe Lines,” 
is a contribution of Prof. J. E. Chris- 
tiansen of the Univ. of California, 
which includes interpretations of the 
more important hydraulic formulas 
and supplies, highly useful diagrams 
and alignment charts for conversion 
of hydraulic data in solving various 
problems. Dr. Maris of Penna. State 
College is another contributor of 
note. And others are Prof. Chas. 
Gilman Hyde and A. M. Rawn. 


Individual chapters deal with sew- 
er construction in open cut, tunnel 
and sub-aqueous outfall sewers. Of 
particular interest to many will be 
those relating “The History of Sani- 
tary Engineering” and reviewing the 
record of “Concrete Pipe in Ameri- 
can Sewerage Practice.” “Sewerage 
Systems” (design and maintenance 
practices) is another section deserv- 
ing high commendation. Then fol- 
low many effectively picturized typi- 
cal and outstanding sewerage proj- 
ects employing concrete pipe. The 
final sections deal with the design 
and construction of culverts and 
drainage systems. 

From the foreword through the 
appendix of 29 pages of A. S. T. M. 
specifications we can find nothing 
but praise for this remarkable job 
of compilation, illustrating, editing 
and mechanical production of “Con- 
crete Pipe Lines.” It will prove 
worthy of space in any engineer’s 
library.—L. H. E. 
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OHIO SECTION’S FOURTH 
CONFERENCE ON W. W. MANAGEMENT 





Chairmen 
F. P. Fischer, Distr. Mgr., Wallace & 
Tiernan Co., Cleveland (the retiring 
chairman). 
E. E. Smith, Supt. Water Works and 
Sewerage, Limo, Ohio (the new 
chariman). 


N MAY 14 and 15 at the Com- 
modore Perry Hotel, Toledo, 
Ohio, 148 members and guests 


the Fourth Annual 
the Ohio Section of 


registered for 
Conference of 
the A.W.W.A. 

Vice Mayor Roullet of Toledo gave 


the address of welcome. 

R. W. Furman, Water Commis- 
sioner of Toledo, read a paper de- 
scribing their new Lake Erie Water 
Supply System, consisting of the in- 
take, crib and conduit, low service 


A Report 
By JOHN S. GETTRUST 


Supt. of Filtration 
AKRON, OHIO 


pumping station, Lake Erie pipe line, 
filter plant, covered filtered water 
reservoir, high lift or main pumping 
station combined elevated wash 
water, supply and surge tank and the 
trunk main across the city. The 
filter plant covered in part in an 
article in the April issue of W. W. 
& S. Various heads of departments 
under Mr. Furman contributed by 
describing the work of their divi- 
sions of the Water Department. 

Harry E. Jordan, Secretary of the 
A.W.W.A., opened the afternoon dis- 
cussion with an address on “The 
Part the A.W.W.A. Can Play in the 
Present Emergency.” He explained 
priorities and their effect on the 
water works man. 

The Association has been of great 
help in the present emergency ito 
water works men not in the Asso- 
ciation. 

It is advisable for employes of 
water works not to join any branch 
of the Civilian Defense, since they 
must be free to obey directions from 
their superiors in the water works. 

Order P146 restricting pipe line 
extensions came up for considerable 
discussion. 




















Directors 
Wendell R. La Due, Supt. and Ch. 
Engr., Division of Water and Sewer- 
age, Akron Ohio (completing his 
term). 
Wallace W. Moorehouse, Supt. Dept. of 
Water and Sewerage, Dayton, 
Ohio (the new director). 


F. H. Waring, Chief Engineer of 
the State Department of Health, had 
a paper on the protection of “Water 
Works Facilities in Wartime”; it 
was read by Mr. Wilson Knox, as- 
sistant engineer of the State De- 
partment of Health. This covered 
protective lighting, guards, the avail- 
ability and completeness of maps or 
drawings of distributing piping and 
valves, inventories of replacement 
parts and conditions as found at va- 
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Toledo’s New Filtration Plant. 











rious plants throughout the state by 
inspectors from the Health Depart- 
ment. 

F. B. Thomas, Deputy Supervisor, 
Bureau of Inspection and Super- 
vision of Public Offices, read a paper 
entitled “The State Examiner Looks 
at a Water Works.” He deplored con- 
ditions sometimes found in munici- 
pal plants where records were in- 
adequate and did not show whether 
the water works were making or 
losing money until the examiner had 
completed his work. 

R. D. Scott, Chemist, State De- 
partment of Health, read a paper on 
an improved method for the deter- 
mination of phenols, a copy of which 
may be obtained by anyone inter- 
ested sufficiently to request it from 
the Ohio State Department of 
Health. 

James E. Specht, Superintendent 
of Utilities, Orrville, Ohio, told 
about their experiences with the 
Palmer Filter Agitators in connec- 
tion with their lime soda softening 
plant. This device has been of con- 
siderable benefit in their plant. 

A discussion followed of various 
types of surface washing devices, 
particularly the Baylis and _ the 
LaMar as used at the Detroit plant. 

A. E. Kimberly, Consulting Engi- 
neer, Columbus, Ohio, read a paper 
on “Problems Peculiar to Ground 
Water Supplies.” 

The paper stated that resistivity 
tests by electrical methods were of 
much value and the cost is justified 
on important projects where relative- 
ly large volumes of ground water are 
required. The services of experi- 
enced physicists and geologists are 
essential. Test wells and pumping 
tests are important. Observation 
wells are necessary to permit esti- 
mates of probable production. 

Reference was made to a useful 
porosity formula adapted to Ameri- 
can conditions. 

Several methods of cleaning 
clogged strainers and wells were dis- 
cussed, including acid and chlorine 
treatment. 


General specifications covering the 
drilling and equipping of wells were 
given. Specifications for wells should 
limit drawdown. to insure 100 per 
cent effective screen area under all 
conditions. 

Well yields vary approximately as 
the ratio of the logs of the diameters 
of the wells. 

The importance of awarding con- 
tracts to well drillers of experience 
and demonstrated skill was empha- 
sized. 
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Fuller Award 
Recipient 
Hayes R, Kuhns, 
Distr. Mgr. 
The Leadite Co., 
Killbuck, Ohio. 


The final paper of the session was 
that on “Substitute and Alternate 
Materials for Service Pipe,” given 
by E. E. Smith, Superintendent of 
Water and Sewerage, Lima, Ohio. In 
this interesting paper he compared 
the cost of each material and pre- 
sented its good and bad characteris- 
tics. (Mr. Smith’s paper will be 
printed in full in our next issue.— 
Ed.) 








Secretaries 


Thos. R. Lathrop, Ass’t Engr., Ohio 
State Dept. of Health (who this year 
retires as Section Secretary after a 
laudable term of service), and 
Harry E. Jordan, Exec. Sec’y of A.W. 
W.A. (who thinks the Ohio Section has 
what it takes). 


Fuller Award to Hayes Kuhns 


The evening session was a banquet 
served in the hotel with Chairman 
F. P. Fischer presiding. At this meet- 
ing the George W. Fuller Memorial 
Award was presented to Hayes R. 
Kuhns, of the Leadite Co., for his 
interest and work in behalf of the 
Ohio Section and the Association. 
This award, which proved very popu- 
lar with the members, is believed to 
represent the first time that the 
Fuller Award has been made to a 
manufacturer’s representative. 

Judge Harvey G. Straub of Toledo 
gave a humorous and witty talk that 
kept the members roaring with 
laughter. The entertainment closed 
with a show, the “All American 
Revue.” 
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The new officers elected were: 
Chairman—E. E. Smith, Sup’t. of 


Water and Sewerage, Lima, Ohio. 
Vice Chairman—Harvey P. Jones, 
Consulting Engineer, Toledo, Ohio.’ 
Trustees—Paul Cook, Sanitary En-! 
gineer, Painesville, Ohio; Carl Eb- 
erling, Sup’t. of Water, Cincin- 
nati, Ohio; L. T. Fawcett, Chief 
Engineer, Mahoning’ Valley Sani- 
tary District. 
Secretary-Treasurer—L. J. Hoffman, 
Office Manager, Akron Water 
Works. 
A.W.W.A. Director—W. W. More- 


house, Director, Department of 
Water and Sewerage, Dayton, 
Ohio. 


W. R. LaDue, Sup’t. and Chief 
Engr., Division of Water and Sew- 
erage, Akron, Ohio, read a paper on 
“The Need for Good Management 
of Municipal Water Works.” 


The water works profession will 
do much to improve its own status 
if it can effect a better top manage- 
ment. Too often, public opinion rules 
that the water works manager is 
doing a routine job in handling daily 
occurrences and that a plaht,, once 
started, grows of its own initiative. 


“This then must give way to the true 


facts which dictate that good man- 
agement will result only when con- 
tinuing policies are allowed to de- 
velop and to thrive. The results of 
such policies definitely are adequate 
facilities; good operation; practical 
maintenance; logical replacement 
and expansion; sound fiscal meth- 
ods; satisfying public service; rea- 
sonable provision for the future and 
all-round’ efficient administration. 
Present and future needs and prob- 
lems must be conducive of and met 
by careful, economic and sound plan- 
ning, both as to design and financ- 
ing. In other words, sound manage- 
ment cares for the needs of the pres- 
insures the 
hopes of the future—a truly honor- 
able undertaking, worthy of the 
water works profession and a chal- 
lenge to all so engaged. 


O. F. Schoepfle, Supt. of Filtra- 
tion, Sandusky, had a «paper on 
“Plant Management Problems.” He 
outlined the technical knowledge and 
skill required to intelligently operate 
water works equipment. 


N. J. Humason, Supt. of Filtration, 
Elyria, Ohio, read a paper on th 
“Preparation, Laying and Steriliza; 
tion.of Water Mains.” He stressed 
keeping mains clean during laying 
operations, preventing trench water 
backing into mains. Using about 25 
p.p.m. of available chlorine and pe- 
riod of sterilization of 5 to 7 days is 
practiced in Elyria. 
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Retiring Chairman and Mrs. 


Fischer of Cleveland. 


The 


He reported successful steriliza- 
tion of mains using hydrated lime 
producing causticity of a degree con- 
siderably higher than that used in 
water softening. The sterilizing ef- 
fect of causticity does not seem to 
be voided or blocked by some mate- 
rials which seem to interfere with 
the action of chlorine. A contact pe- 
riod of 10 days or more with lime is 
recommended. 
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The discussion brought out the 
opinion that 50 to 100 p.p.m. residual 
chlorine and a 24 hour contact period 
should suffice in most cases to pro- 
duce sterilization. 


A. E. Griffin, Chemist, Wallace and 
Tiernan Co., gave an interesting talk 
on the determination of high chlo- 
rine residuals. He stated that using 
the ortho-tolidine method enough of 
the O. T. must be used to give correct 
colors. A good field procedure would 
be to use equal mixtures of O. T. and 
water sample for residuals in the 
50-200 p.p.m. range. 

He also gave a method for prepar- 
ing the ortho-tolidine solution that 
overcomes the usual difficulty encoun- 
tered in getting the O. T. into solu- 
tion. He recommends adding 1.5 
grams of O. T. hydrochloride to 800 
ml. distilled water. When completely 
dissolved, add 200 ec.c. of concen- 
trated HCl to make one liter of solu- 
tion. 

The morning session closed with 
two talkie movies, one showing the 








E. B. Evans, Batchelor Chemist of the 

Cincinnati Filter Plant and “Friend.” 

The day after it was Mr. and Mrs. E. 

B. Evans. She was Mary Wenninger 
of Toledo. 


construction and installation of the 
Stone Canyon Reservoir Supply and 
Outlet Lines and the other was titled 
“Join the A.W.W.A.” 

In the afternoon the members and 
guests were taken for a tour of the 
new Toledo water works. The low 
lift pumping station, high lift sta- 
tion and filtration plant were in- 
spected. 














Operating Floor of Toledo’s New 80 M.G.D. Filter- Plant 
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2336 Wolfram Street, CHICAGO, ILL. 
Phone BRUnswick 4110 





LOW 


COST 


0.5 M.G.D. plant. Albert Kahn, Architect; Russell & Axon, Engineers. 


STRUCTURAL ADVANTAGES . . 


Characteristic low head-loss 
through Activated Sludge Plants 
simplifies construction. 


Lift station construction 
eliminated at many Activated 
Sludge Plants because of low head- 
loss required. 


Best footing conditions at any 
site can be taken advantage of, be- 
cause all structures of Activated 
Sludge Plants are at approximately 
the same elevation. 


7. 


SEND FOR OUR LITERATURE ON THE ACTIVATED SLUDGE PROCESS 


CHICAGO PUMP CO. SEWAGE EQUIPMENT DIVISION 


Occupy smaller space than 
other types of plants for complete 
treatment. 


Simple box-shaped struc- 
tures can be nested to take advan- 
tage of common-wall construction. 


Construction of aeration 
tanks simpler than secondary 
structures of other processes for 
complete treatment. 


Aeration equipment is simple 
and easily installed. 


i9 


V ACUUM— CONDENSATION — CIRCULATING — BILGE 
FIRE — HOUSE — SEWAGE 


— SCRU-PELLER PUMPS 


AERATORS — COMMINUTORS SAMPLERS 


REPRESENTATIVES THROUGHOUT THE UNITED STATES AND FOPEIGN COUNTRIES 


ONSTRUCTION 


With 
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“\CHICAGO’’- EQUIPPED 
ACTIVATED SLUDGE 
PLANTS 


“Chicago"—equipped Activated Sludge Sewage Treatment Plant 
at one of the largest airplane factories in the country. Note the 
simple box-shaped structures and common-wall construction. The 
nest of tanks in the left foreground are for pre-aeration, primary 
settling, aeration and final settling. The digestion tank is at the 
right, and the sludge beds are in the background. This is a 
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The Pioneer Self-Caulking Jointing Material 
for Bell and Spigot Water Pipe 


Products 

LEADITE and the following tools and equipment 
for use with LEADITE: 

BRAIDED JUTE, JOINT RUNNERS, GASOLINE and 
Woop BurninG MELTING FuRNACES, POURING 
LADLES, PourtInG Pots, YARNING [IRONS and 
METAL PourING GATES. 

Description 
Leadite is principally used for making joints in 


cast iron bell and spigot water mains; is shipped in 
powder form in sacks containing 100 pounds. 


Users 
Water works superintendents, engineers, con- 
tractors, mines, railroads and industrial plants all 
over the world use Leadite. Thousands of miles of 
pipe jointed with Leadite are in service. 


Method of Use 
The joint space is first “yarned” and the Leadite 


is melted and poured into the joint, but requires no 
caulking. Leadite melts at approximately 250° F. 
Lead melts at approximately 620° F. 

Comparative Quantities 


One hundred pounds of Leadite are equivalent to 
approximately four hundred pounds of pig lead 
based on the joints being made the same depth with 
either material. It will be easy to figure the approxi- 
mate quantity of Leadite required for any given 
quantity of pipe by referring to our Reference Table, 
copy of which we shall gladly send to you upon 
request. 

Comparative Cost 


Under normal conditions, the economies effected 
by the use of Leadite save approximately 50% to 
75% over the method which requires caulking 
owing to the saving effected in material and labor. 

Saving 

Because Leadite saves on the items of caulking 
charges, digging of large bell-holes and reduces cost 
of trench pumping to a minimum. Leadite elimi- 
nates most every superfluous operation in jointing 
cast iron water mains, thus permitting the work to 
be completed with the least amount of effort. 


Tools 
As no caulking is required, fewer tools are needed. 
No Caulking 

Leadite joints require no caulking because Leadite 
adheres to the pipe from the yarn or jute out to 
face of bell, making a watertight bond. However, a 
Leadite joint may be melted or cut out at any time 
if desired in making connections, etc. 

Durability 

Leadite has been tested and used for more than 
40 years and experience has proven that Leadiie 
joints improve with age. 


Expansion and Vibration 
Leadite is used with excellent results under rail- 
road tracks, highways and over and under bridges 
where severe vibration has demonstrated the value 
of using Leadite on this class of work. 
Utility 
Leadite is very easy to handle. It is used on all 
sizes of pipe from four to eighty-four inches in 
diameter and under all conditions and pressures 
encountered in water works construction. 


Electrolysis 
Leadite resists electrolysis. 


Damage Suits 
Claims for damages caused by joints blowing out 
are reduced because Leadite joints, if properly made, 
will not blow out under any pressure common in 
water works construction. 
Transportation 
Considerable freight charges are saved because 
Leadite is light in weight. This also means a saving 
in cartage and handling on the work because you 
move approximately one-fourth the weight of joint- 
ing material. 


Delivery 


We make prompt shipments of Leadite in any 
quantities from stock. 


Fuel 
Saves fuel because you melt approximately one 
pound of material instead of four, and less heat is 
required to melt Leadite than is needed to melt lead. 


Be sure it is Leadite and not something “Just as Good” 


THE LEADITE COMPANY 
Girard Trust Company Bldg., Philadelphia, Pa. 
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AST IRON MAINS, when abandoned or re- 
C routed, can be salvaged and re-used, thus 
saving money for the taxpayer. For example, the 
16-inch cast iron pipe shown above had served the 
City of Roanoke, Virginia, for 50 years in its orig- 
inal location. Last year it was removed to make way 
for a new armory and relaid in a new location 
to serve out its full life of morethana century. 


Pipe bearing this mark 


We have on file many records of old cast iron mains 


which have been taken up and re-used, or sold to 


other cities for re-use, or sold as scrap. It is impos- 


sible to foretell future requirements or population 
shifts in metropolitan cities but any public official 
can be sure that, when water or sewer mains must 
be abandoned or re-routed, the pipe can be 
salvaged or re-used, if it is cast iron pipe. 


is cast iron pipe 


TRADE MARK REG. 
Available in diameters from 1% to 84 inches. 


CAST IRON PIPE RESEARCH ASSOCIATION, THOMAS F. WOLFE, RESEARCH ENGINEER, 1015 PEOPLES GAS BUILDING, CHICAGO, ILLINOIS 
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“INDUSTRIAL CHEMICAL SALE: 


Be CIVISLON WEST VIRGINIA PULP So RAPER” OM EM 
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supplied to the City of Bristol, 

Conn., has been treated with 
“Calgon” (hexameta phosphate) to 
minimize corrosion of the distrib- 
uting system. 

Bristol, a city of about 35,000, ob- 
tains its water supply from five up- 
jand reservoirs located from 1% to 
8 miles from the city. In 1938 an 
all-steel filter plant of the Morse de- 
sign was constructed and put into 
operation. The usual methods of 
water purification are used, namely, 
aeration, alum and soda ash treat- 
ment, followed by mixing, coagula- 
tion and filtration. The raw water 
from the reservoirs entering the 
filter plant may be characterized as 
soft, low in alkalinity and mineral 
matter. 

The filtered water has been treated 
with lime to reduce the hydrogen ion 
concentration (raise the pH value), 
and chlorine is added to the filtered 
water as a precautionary measure. 
From the time the filter plant was 
put into operation in 1938 until early 
last year, lime was added to the 
filtered water to maintain a pH value 
of approximately 8.5. Until the trial 
of “Calgon” treatment, lime addition 
was the only treatment given to pre- 
vent “red water.” 

For comparison with the treated 
water, the following figures are of 


[JD some the past year the water 


interest: 
Table I 
Raw Water—March, 1942 

SER oe Soe erate 6.7 
SE Sk oahu hemaseeeae 5 p.p.m 
eS SAP rere 10 p.p.m. 
PNY ins ci slaviela eae ck eee 23 p.p.m 
SERRE rar Seca es 3 p.p.m 


It will be noted from the analysis 
that to prevent corrosion by the 
equilibrium method would require 
the use of such an amount of lime 
and soda ash as to materially in- 
crease the hardness and concentra- 
tion of mineral matter. Since this 
would be objectionable not only from 
the industrial but also from the do- 
mestic users’ standpoint, it appeared 
desirable to investigate the use of 
Calgon. 

Calgon Treatment Seemed 
Worthy of Trial 

Because of the fact that the filter 
plant operates on several different 
pumping rates, it was decided to ob- 
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tain equipment for feeding the Cal- 
gon which could be adjusted to dif- 
ferent rates of flow. Briefly, the 
solution of Calgon was made up ina 
50-gallon earthenware crock in a con- 
centration of approximately 12 per 
cent. This is equivalent to 46 


pounds per 50 gallons of water. The 
solution is made by spraying cold 
water onto the Calgon, which is held 
in a wire basket directly over the 
earthenware crock. This solution is 
fed to the filtered water by a Wallace 
& Tiernan Type HEM Hypochlorina- 
tor, which delivers to the filtered 
water through rubber tubing. This 
hypochlorinator has been in continu- 
ous use since its installation and has 
worked with complete satisfaction. 

Calgon treatment was started on 
March 11, 1941. The following table 
gives a record of the chemical and 
bacteriological results on _ selected 
dates before and after the applica- 
tion of Calgon in conjunction with 
the small quantity of lime already 
being applied. 


Table II 
Hard- Bacteria Calgon 
Date, 1941 pH Alkalinity ness Color 20° 37° p.p.m. 
GARG (Bish ae eases 8.4 13 16 3 7 4 None 
Peer Bo hes 8.1 12 14 3 16 2 None 
We, Te da winss-ciees 8.5 14 14 3 8 1 None 
Calgon treatment started March 11, 1941. 
ee Ba see 8.5 14 14 3 17 1 2 
PM Wk oeisiccwis aie 8.5 15 22 3 46 2 2 
Me eso aean 8.7 14 18 2 950 1 1.5 
WEE Sass seae res 8.6 14 20 3 60 4 1.5 
I wx sie eto ate 8.1 11 20 3 16 5 1.5 
Me Mba vkere tnans 8.8 14 20 4 6 2 1.5 
Ne Bevaseseeewecs 8.1 12 16 3 13 9 1,5 
Es Der csacseons 7.8 8 16 3 1 0 1.5 


Then on November 15th the lime treatment was discontinued and the 


results follow in Table II-A. 


Table II-A 
Date, Hard- Bacteria Calgon 
1941— pH Alkalinity ness Color 20° 37° p.p.m. 
GS: Deir, 6% Seae ere acs 6.1 3 10 3 8 < 1.5 
BO arson 6 ene sas 6.1 3 10 3 0 0 1.5 
1942— 
POR Be a vicbs.cas es 6.1 4 15 3 2 1 1.5 
ON Ws ore ie oo winless 5.8 3 14 3 2 1 1.5 
WOES. TOs 6 etecseses 6.1 3 10 3 2 1 1.5 


In addition to the tests shown above, special examinations were made of 
samples of water taken at-selected points in the distributing system: 


Sampling Point No.1 No. 2 
Miles from filter 


No. 3 No. 4 No. 5 No. 6 No. 7 


Se Cae 0 2.2 3.0 3.2 4.1 4.8 5.1 


Sampling Point No. 2 represents the center of the distributing system, 
while Points No. 3 to No. 7 inclusive are dead ends. 
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Table III 
Results Before Calgon Treatment 
Sampling Point No.1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 


RS gnats 6.0)3%e; teas 8.2 8.3 8.8 8.8 a 8.8 8.7 
Alkalinity ...... 14 15 18 18 nea 20 15 
eae 3 3 85 100 <aes 50 28 
NT dar aces dees erin 0 .016 4.0 3.8 iach 1.8 1.4 
Dissolved oxygen. Satu- Satu- 

rated rated 


It will be noted that the dead end samples all showed high color, due to 
the concentration of iron in these samples. 


Table III-A 
Results After One Week of Calgon Treatment (2 p.p.m.) 
Sampling Point No.1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 


a eee eae 8.4 8.5 8.3 
Alkalinity ....... 16 15 14 
NE cow lemceitere's 3 3 35 
Ee ee 0 .004 
SN ice ao hws 1.9 1.4 


Experiences with Calgon 
Treatment and Results 


Before going into a general dis- 
cussion of the results obtained by 
the use of Calgon, it seems worth 
while to mention a few of the expe- 
riences as they occurred with its use. 
Directly after the original applica- 
tion of Calgon, which was at the 
rate of 2 parts per million, some dis- 
turbance appeared in the system and 
it was decided to thoroughly flush 
the pipes. It is fortunate that this 
was done immediately, as extremely 
large amounts of tubercles and other 
corrosion products were sloughed off 
the inside of the pipe and removed 
from the system by blowing off. If 
this had not been done, the tubercles 
and other matter might have collect- 
ed in some constricted parts of the 
system and caused serious stoppages. 
After the whole system was flushed, 
the treatment with Calgon was re- 
duced to 1% parts per million. 


8.5 8.5 8.4 8.5 
16 16 15 15 
60 50 30 30 
38 36 24 40 .60 
RS 1.6 8 1.7 


Prior to the.results obtained above, 
the addition of lime to the filtered 
water had been stopped for some 
time. It will be noted that, as a re- 
sult, the pH values are much lower 
than previously. One sampling 
point, namely, No. 4, shows a high 
pH, but this is due to the effect of 
cement-lined pipe on the water. 
There was no increase in corrosion 
of the pipes which could be attrib- 
uted to the lowering of the pH. 

In order to have the Calgon reach 
some of the dead ends of the system 
in sufficient amount to prevent cor- 
rosion at these points, it has been 
necessary to bleed or flush occasion- 
ally. 





Referring to Table II, it will be 
noted that directly after the treat- 
ment with Calgon, the 20° bacterial 
count increased to some extent, but 
it was possible to effectively control 


Table IV 
Results After Two Months of Calgon Treatment (1.5 p.p.m.) 
Sampling Point No.1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 


. er aaarerey 8.5 8.4 8.6 8.8 8.9 8.1 8.7 
Alkalinity ...... 13 14 16 15 15 11 15 
PE Sjadcds wees 3 1 22 2 11 12 18 
ee 0 0 09 55 235 .09 
SO. acececass 1.5 By i A 3) 2 7 


These results show that the full effects of Calgon was by then reaching 
even the dead ends of the system, as indicated by the decreasing iron con- 
centration and color. There does not, however, appear to be any exact rela- 
tionship between the amount of Calgon found at the sampling point and 


the amount of iron and color. 


Table V 


After One Year of Calgon Treatment (1.5 p.p.m.) 
Sampling Point No.1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 


RN Ble Gals oa ol wore 5.9 5.9 6.5 
Alkalinity ...... 2 4 9 
8 od iene 2 1 22 
hk NE a ana a alee d 0 Trace 
re 1.6 1.2 
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8.6 6.1 6.9 6.7 
13 6 11 9 
7 15 8 23 
45 10 25 .20 40 
2 2 A 2 








EXPERIENCES WITH CALGON TREATMENT AT BRISTOL, CONN. 


this by slightly increasing the chlo- 
rine dosage. 


In general, the treatment with 
Calgon has been most satisfactory 
from the standpoint of corrosion of 
the distributing system. 


The author wishes to thank 
Messrs. Earl and Clair Lourie of the 
Bristol Water Department for per- 
mission to use the data contained 
herein. And in the preparation of 
this paper, to acknowledge the help- 
ful suggestions of Mr. James A. 
Newlands, designer of the Bristol 
plant and president of The Henry 
Souther Engineering Co. 





Concrete Catch-Basin Grates 


Designed to Save Critical 
Materials 


The need for conserving critical 
materials has led to the redesign of 
many products ordinarily made of 
steel and cast iron. The accompany- 
ing photograph illustrates what has 
happened by redesigning catch-basin 
grates in concrete with the minimum 
ot steel—in this case only about 2% 
lbs. contained in the 4-in. reinfore- 
ing bars used. 





The photograph shows a catch- 
basin grate designed and being built 
by the Nelson Concrete Culvert Co. 
of Champaign, Ill. Its use is re- 
stricted to areas where it will not be 
subjected to vehicular traffic, such as 
off-the-road and field drainage. It 
has been approved by the Division 
of Highways of the Illinois State 
Department of Public Works and 
Buildings and has been adopted by 
a number of Illinois counties. . The 
grate replaces the highway bureau’s 
standard No. 8 grate formerly made 
of cast iron. 

The grate shown is said to cost 
about $7.50 each, as compared with 
approximately $13 for the grate of 
cast iron formerly used. 
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INSTALLATION OF 


PALMER FILTER BED AGITATORS 


A Method Which Involves Simplification of Construction 


have been installed in the filters 
of the Allentown, Pa., Filtra- 
tion Plant. Because the filters are 
approximately 20x22 ft. in area, and 
being equipped with concrete filter 
troughs, the best method of install- 
ing the piping for the support of 
the agitators constituted a problem. 
Due to the fact that the supporting 
pipe could not be fastened to the 
troughs in any way, it was necessary 
to anchor it in the four walls. This 
was done by attaching 2% in. pipe 
flanges to the wall with Tampin 
anchors. 
The agitator arms used were 19 ft. 
6 in. in length with a 2%-in. pipe 
thread on the revolving joint. The 
piping in the filters was installed in 
the form of a cross. One pipe ex- 
tends from side to side of the filter 
with a tee in the center. Beneath 
this and at right angles, the other 


Prrsve be Filter Bed Agitators 


and Reduces Costs 


By SAMUEL H. MITCHELL 
Chief Operator 
FILTRATION PLANT 
ALLENTOWN, PA. 














The Author 


pipe extends from the rear wall to 
the front wall. This lower pipe has 
a cross at the center directly beneath 
the tee of the upper pipe. The lower 
pipe serves the dual function of sup- 
port member and as the pressure 
water supply line to the agitator. 
(See Fig. 1.) 





Fig. 1—Palmer Filter Bed Agitator Installation. 
Showing Method Employed at Allentown, Pa. Note center hook-up and anchor 
on rear wall of filter. 


The pressure water line was con- 
nected to a tee which was connected 
to a flange on the front wall. Next 
to the tee was installed the valve 
with which the agitator is operated. 
(See Figs. 2 and 3.) An extension 
has been placed on the valve stem so 
that the handle is within easy reach 
of the operator. 


The tee and the cross were con- 
nected with a nipple, and the revolv- 
ing head and arms of the agitator 
were connected to the cross with a 
nipple long enough to allow the 
sweep arms to swing freely under 
the troughs. In order to seal the 
open ends of the support pipes that 
were used for the water supply line 
to the sweep, it was necessary to 
blank the close nipple between the 
flange and the tee at the front wall 
and the nipple between the tee and 
the cross in the center, and also the 
pipe extending from the cross to the 
rear wall. This was done by welding 
a metal disk in the end of these 
pieces. 


Expensive Union Joints Eliminated 


After installation of the first agi- 
tator was completed, a checkup of 
the cost revealed that the two 2%-in. 
unions used ran the amount up 
rather high. Therefore, on the next 
installation it was decided to use 
some other type of joint to take the 
place of the expensive unions. The 
type of joint decided upon was a 
“long-screw,” an item well known to 
the pipe fitting trade and listed in 
most plumbing supply catalogues. 
While a neater long-screw joint can 
be made with machine shop equip- 
ment, it is still possible to make an 
efficient long-screw with ordinary 
pipe fitting tools. 

Five long screws were used in each 
filter. One was screwed in the flange 
on the rear wall, one in each of the 
flanges on the side walls, and one in 
the valve on the front wall. These 
so-called screws were 12 in. long, 
one end being a standard thread and 
the other a long thread of 5 in. An 
ordinary coupling was cut in half 
cross-wise, and one of the pieces 


WaTER WorkKS & SEWERAGE, June, 1942 









































































































Fig. 2.—High Pressure Hook-up in 


First Installation 
Made with Expensive 2%” Unions 


screwed on the long thread. This 
was followed up with a standard 
coupling, and both were turned on 
until the end of the nipple and the 
end of the coupling were flush. The 
pipes in the filter were connected to 
the long screws by backing the 
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PALMER 


standard coupling off the long screws 
on to the pipes until they were tight. 
Then some lamp wick and white lead 
were put between the _ standard 
coupling and the half coupling, and 
the half coupling was drawn up tight 
against the standard coupling. 

The fifth long screw was used as 
a make-up piece on the high pressure 
supply line, and although the pres- 
sure on this line is 105 pounds, no 
leaks have occurred on any of the 
long screws used on these lines. 


Comparison of Costs 


In order to show the savings ef- 
fected by employing the long screws 
and standard couplings in place of 
unions, the following list prices were 
taken from a well-known plumbing 
supply catalogue. 


Quan- 
tity Material Price 
1 2% in. galvanized union. $4.80 
1 2% in. galvanized long 
ats te hie ck wet 3.10 


1 2% in. galvanized coupling .55 

It requires one and one-half coup- 
lings to make a long-screw joint. 
The length of pipe used would have 
to be used regardless of the type joint 
required, so the cost of a home-made 
long screw is about $.78, plus the 
labor cost for cutting the threads, 
which in this installation was done 
on a pipe cutting machine and did 
not take very long. The reason for 
using a long screw on each wall was 
co make it an easy matter to remove 
the pipe completely or in part if the 
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Fig. 3—High Pressure Hook-up in Sub- 
sequent Installation 
Made with Inexpensive “Long-Screws” 
and Standard Couplings. 


necessity should ever arise to work 
in the filters. 


This set-up owes its origin to a 
desire for economy and efficient op- 
eration as well as simplicity in con- 
struction. 











Arkansas’ Twelve Year Men 


Attending the recently held 12th Annual Arkansas Water and Sewage Con- 
ference at Fayetteville, Ark., were six “regulars” who have to their credit a 
perfect record of attending all of the twelwe conference meetings. From left 
to right these twelve-year men are (1) Harrison Hale, Head of Dept. of 
Chemical Engineering, Univ. of Arkansas;\(2) L. A. Jackson, Manager 
Municipal Water Dept., Little Rock, Ark; (8) Egmont S. Smith, District 
Manager, Neptune Meter Co., Dallas, Téx.; (4) Henry Nunn, Supt. Water 
Department, Van Buren, Ark.; (5) W. R. Spencer, Head of Dept. of Civil 
Engineering, Univ. of Arkansas. (A. H. Ullrich, Chemical Engineer, Water 
Dept., Fort Smith, although not in the picture, also has attended all twelve 

meetings.) 
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Quimby Leaves Racine for 
War Duty 


Walter Peirce, manager of Racine 
(Wis.) Water Dept., writes that 
Frank K. Quimby, for the past 12 
years Construction Engineer in the 
Racine Department, has been 
“loaned for the duration” for service 
to the War Department. He is now 
Engineer in Charge of Maintenance 
and Repairs of Water Works, Sewer- 
age and Services in the 6th Corps 
Area, with headquarters in Chicago. 

E. Miles Griffith, until now’ As- 
sitant Engineer in the Racine Water 
Dept., has been made Distribution 
Engineer, assuming the duties per- 
formed by Mr. Quimby. 
















SEWAGE TREATMENT AT APPLETON 


With Particular Reference to the Preparation and Utilization 


sively given us more and 

greater industries and has 
enhanced the comforts and con- 
veniences of living, it is but natural 
that many wastes and offensive by- 
products have resulted, with annoy- 
ing problems in their disposal. 

The Fox River had become in- 
creasingly polluted during the last 
few decades, and its low oxygen con- 
tent has been unable to carry the 
load, to say nothing of supporting 
fish and plant life. The program of 
construction of sewage plants along 
this river has therefore, been timely 
and prudent. 


S CIVILIZATION has progres- 


The Situation at Appleton 


The City of Appleton has a popu- 
lation of 30,000; with the additional 
suburbs the total domestic load will 
approximate 34,000 people. The sew- 
age flow is estimated at 414 M.G.D. 
The industrial load adds another 5 
M.G.D. This comes from pulp and 
paper mills, iron works, woolen mills, 
toy factories, breweries, woodwork- 
ing plants, and milk condensories. 


The Appleton interceptor system 
is eight miles long, with the south 
branch three miles and the north 
branch totaling five miles. An in- 
verted siphon of 15 and 30-inch pipes 
conveys the sewage from the north 
to the south side line. The entire 
system operates on gravity flow, ex- 
cept for two small lift stations, one 
along the valley on the south side 
and one in the northwest part of the 
city. The interceptors have a 54-foot 
drop from point of origin to the 
Treatment Plant. The storm water 
flow raises the total flow to the plant 
as high as 33 M.G.D. rate, but 18 
M.G.D. is the maximum flow for op- 
erating if settleable solids retention 
is to be satisfactory. 





of Air Dried Sludge 
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The Appleton Sewage Plant was 
designed for a 10 M.G.D. flow. The 
storm water flow reduces the settle- 
able solids removal from 99.5 per 
cent on normal flows to 90 per cent 
on these storm days. The flow 
through the plant can only reach 22 
M.G.D.; the balance by-passes after 
screening and grit removal. 


Screenings Removal and Grinding 


The %-inch bar screen openings 
are raked by a Link Belt scraper. 
The scraper and grinder are set to 
operate automatically with time 
clocks. The screenings are flushed 
into a Gruendler grinder and dropped 
into the sewage flow after grinding. 
The grit chambers may be operated 
singly for low flow periods. The in- 
organic material is lifted to the op- 
erating floor by screw conveyor and 
dropped into cans for removal to 
dumping grounds. 


Chemical Treatment 


The chemical building houses the 





dry feed machines, chlorinators and 
gas engine driven blowers. “Ferri- 
sul” (ferric-sulphate produced by 
Monsanto Chemical Co.) has been 
used as the coagulent for the past 
three years with very good results. 


The flocculator air grid section 
covers approximately one-half of the 
64x31x15 foot tank. Four paddle 
wheels complete the agitation. 


The two settling tanks are Dorr 
Co. design—70 feet in diameter with 
13-foot sidewalls. The effluent from 
these clarifiers passes through a con- 
tact tank 55x35x10 feet, with ap- 
propriate baffling walls. 


Chlorine is added by means of two 
Wallace and Tiernan 750-pound ma- 
chines, manually controlled. Both the 
influent and effluent are treated with 
chlorine. 


Sludge Digestion 


Two Chain Belt Co. “Rex” sludge 
pumps raise the raw sludge 52 
feet to the digesters on the hill. 
The Appleton plant is_ blessed 
with over digestion capacity. Four 
70x3l-foot digesters with P. F. 
T. floating covers give us cause for 
thanks. We use the two north tanks 
for digestion and the two on the 
south for winter storage. All are 
equipped with heating coils. Gas, 
used for heating and power pur- 
poses, has reached 70,000 cubic feet 
per day. This volume of practically 
2 cu. ft./day per capita served is the 
result of industrial wastes in the 
sewage. 

_ The sludge control building is lo- 
cated between the tanks and is a 
30x24 structure. It houses the di- 
gester heating plant, sludge pumps, 
gas meters, fresh water flushing sys- 
tem and other miscellaneous equip- 
ment. 

The sludge beds are 375x200 feet 





“Pile Run” 





The Royer—a Little Machine with Big Ways. 


“Easy Pull” 


“Action!” 
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in size. This area is divided into 20 
beds. Drain tile returns the drain- 
age water to the settling tanks for 
further treatment. The sludge is re- 
moved from the beds by hand and 
stock piled. 


Sludge Preparation and Sales 


When time and weather permit, 
the Royer Sludge Grinder is op- 
erated. Ammonium sulphate, phos- 
phate and potash are added while 
grinding so that a balanced fertilizer 
is produced. Analysis of the forti- 
fied product shows 5.17 per cent 
nitrogen, 2.07 per cent phosphoric 
acid, and 2.10 per cent potash. 

The entire output of sludge is sold 
either as unfortified soil conditioner 
or as “Appcolizer” (Appleton Com- 
munity Fertilizer). Plant sales dur- 
ing 1941 ran to $2,271.60, but with 
the rainy spell and shortage of chem- 
icals this spring, it is believed 
that we will not reach this figure 
for 1942. 

Grinder Jointly Owned 

The Royer grinder is owned joint- 
ly by the Park Board and sewage 
plant. Much of the prepared sludge 
is applied to parks and golf courses 
and very fine results are reported. 

When we first started to use sludge 
as a soil conditioner we prepared an 
experimental plot where only clay 
soil was found. Sludge to a depth of 
2 inches was spread over the area, 
then plowed under. Another 1-inch 
layer of sludge was spread over the 
area and thoroughly worked into the 
clay. This experimental section was 
the area around the office and clari- 
fiers. This was seeded, and today 
we have one of the finest lawns in 
the city. Another experimental sec- 
tion adjoined the clarifiers, where we 
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“Production” 


have a flower plot given over to 
tuberous type plants. Next to that 
are the berry bushes, where a com- 
mercial grade of fertilizer is used. 
Growth on the sludge treated areas 
is such that the bushes in two years 
are bearing more than the bushes in 
the original tract, stalks are heavier 
and look healthier. This year we 
have added sludge to the clay re- 
moved during excavation for the 
clarifiers, and turned it under by 
plowing. We hope to plant sweet 
corn and potatoes in this plot—truly 
a victory garden. The largest tomato 
last year was a few ounces under 
four pounds. A few handfuls of 
“Appcolizer” under each hill sure 
does the trick. 

The Royer grinder, when run by 
gas-engine, is far more flexible than 
by electric motor. With the engine 
drive there is more power, seeming- 
ly, and of considerable importance is 
the fact that sludge with consider- 





able more moisture can be handled. 
If the sludge cake is too dry, we 
have a dust problem, but a little su- 
pernatant or city water cures this 
trouble easily. 

That we produce a good fertilizer 
is proven by the smooth, velvety con- 
dition of our lawns, parks, school 
grounds and the local golf courses. 
It is by far the best soil builder that 
has been tried around Appleton. 

Our only advertising consists of 
cooperation of the local press in 
printing news items and pictures of 
our experimental plots. Each neigh- 
bor soon has others using our “App- 
colizer.”” Now, while we would not 
like to leave the impression that “the 
tail wags the dog” at Appleton, we 
do believe that the “tail” can and 
should serve a purpose, too, particu- 
larly so at this time when conserva- 
tion of materials and resources, and 
encouragement of local war-garden- 
ing is of such importance. 
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General View of the Appleton Plant from the Sludge Digesters on the Fox River Bluff 






















WISCONSIN SEWAGE WORKS 


OPERATORS MEET AT WAUSAU 


ference of Wisconsin Sewage 

Works Operators met in Wau- 
sau, Wis., to hear papers on and dis- 
cussion of topics of a defense na- 
ture and hold round table discus- 
sions on operating problems. Fifty 
members and guests attended the 
meeting, which was opened by the 
Mayor of Wausau in an address com- 
mending the operators on their good 
work and urging them to carry on. 

The meeting was a decided success 
in that the subjects on the program 
were timely and of interest to all in 
attendance. New members and op- 
erators of new plants received new 
ideas as to treatment plant opera- 
tion. The emergency condition was 
noted in the way of travel, as most 
of those in attendance traveled by 
train and bus, and those that came 
in their own cars picked up others 
on the way. 

An inspection trip was made 
through the Wausau Sewage Treat- 
ment Plant guided by Supt. Law- 
rence Manteufel. In conjunction with 
sewage treatment facilities, the gar- 
bage incinerator is part of the plant 
and so arranged that sludge incin- 
eration can be accomplished. 

First aid demonstration was given 
by the Wausau Fire Department on 
the proper method used in artificial 
respiration, use of the inhalator and 
resuscitator, and the oxygen gas 
mask. 

A special meeting of the Sewerage 
Works Protection Committee was 
called by L. F. Warrick, as chairman, 
for the purpose of planning and or- 
ganizing the various works person- 
nel and equipment for the emergen- 
cy. The committee reports on priori- 
ties, mutual aid and plant personnel 
were given. Various questions were 
asked and discussed on the commit- 
tee reports, and action was to be 
started at once in carrying through 
as a result of the reports. Maj. Wm. 
H. Cary Jr. of the Regional Office of 
the O. C. D. advised and suggested 
ways and means of working out the 
problems. 


Q: MAY 5th and 6th the Con- 


A Report by 
R. W. FRAZIER 


Superintendent, Sewerage Commission 
OSHKOSH, WIS. 


Round Table Discussions 


The writer took charge of the 
Round table, in which the following 
topics came up for discussion: 


1. Sludge Disposal. 


2. Moisture Conditions in Plants 
and Effects. 


3. Plant Equipment Maintenance. 


4. Loading Effect Due to War 
Emergency. 

Superintendents and _ operators 
were asked about their particular 
problems, and others joined in as to 
how they were taken care of. This 
method of discussion proved to be a 
satisfactory way in presenting the 
problems to all treatment works op- 
erators and gave them an idea of 
what others are doing. 


Questions and Answers 
(Leader—J. C. Mackin of Madison) 


As a prelude to this session, all 
members were asked to submit ques- 
tions in writing. The result was 
that interesting questions came 
through and the meeting was too 
short to answer all of them. The 
chairman called on various men to 
state what they have done to over- 
come the particular problem. 

The questions involved referred to 
the following: 

Gas Engine Operation and Main- 
tenance Paints, Trickling Filters, 
Activated Sludge Treatment, Power 
Costs and Rates, Plant Protection 
During the Emergency, and many 
others. 


New Officers 


Officers chosen for the year are: 

President—J. C. Mackin, Madison. 

First Vice President—R. W. Fra- 
zier, Oshkosh. 

Second Vice President—Fred Com- 
stock, Brandon. 

Secretary-Treasurer—T. F. Wis- 
niewski, State Board of Health, 
Green Bay. 


Technical Sessions 
(President Geo. Martin Presiding) 


State Committee Report on Sew- 
erage Works Protection, by Chair- 
man L. F. Warrick, Chief State 
Sanitary Engineer, Madison, Wis. 


National defense was stressed in 
the protection of treatment works 
against sabotage and actual bomb- 
ing. The working out of the prob- 
lem for protection is to be of a local 
nature in conjunction with the coun- 
ty, state and national defense groups. 
More stress is to be placed in cen- 
ters where defense work is being 
done. 


Prevention against sabotage is 
control of personnel, unauthorized 
visitors, fencing and lighting of 
buildings and grounds, communica- 


tions and policing. 


As a counteraction against sab- 
otage and destruction, a Sewerage 
Works Protection Committee was 
formed. This committee to work out 
plans for the protection of treat- 
ment works under the emergency 
conditions so that health and sani- 
tation can continue. This group to 
work along the lines of defense. The 
problems are to be placed before the 
local defense committee on service 
‘and supply. Coordination of local 
groups to be considered on state, 
county and local levels. 


Information as to the state level 
and regional level will be forwarded 
to the local chairman through the 
chairman of the committee. The work 
contemplated to date is the priorities 
schedule, mutual aid, and a so-called 
“lease-lend” program for'the emer- 
gency. In order to have the pro- 
posed plan work out successfully, 
each individual is to study his own 
problems as to what help he needs 
and what help he can offer to some- 
one in need of this help. 

Reports will be sent out from time 
to time as progress is made by the 
State Committees through the State 
Chairman. 

Sewage 


Treatment—Small and 
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Medium Sized Plants, by Ben L. 
Williamson, Assistant Sanitary 
Engineer, Iowa State Board of 
Health. 


The need of a sewage treatment 
plant and its construction requires 
thought as to the hygienic, legal, 
aesthetic and economic value to the 
community. This involves irrigation, 
ice harvest, farm life, drinking 
water, riparian rights, etc. 


The treatment plant is a plant for 
taking care of bacterial action and 
separating out the solids, and can 
be one of the three types, as partial, 
primary or secondary treatment, de- 
pending on local conditions. The ad- 
vantages and disadvantages of va- 
rious types of treatment and the 
units involved should be _ studied 
thoroughly so that plant operation 
can be minimized and proper treat- 
ment be accomplished without too 
much lost motion and control. 

Operators are to stress the point 
to the designers of the difficulties 
encountered so that future work can 
be less complicated, with more ac- 
cessability to equipment and flex- 
ibility of operation. Proper opera- 
tion of a treatment plant is neces- 
sary for correct treatment, and main- 
tenance of equipment is necessary at 
all times. 

Sewerage works operators should 
be encouraged to visit various plants 
and attend meetings, to talk over 
their problems, and in so doing they 
will be able to solve some of their 
difficulties. Plant records are essen- 
tial for control, maintenance, and 
future construction. 


State Health and Welfare Pro- 
gram As It Relates to Defense Ac- 
tivities, by Dr. Carl Neupert, As- 


sistant State Health Officer, Wis- 
consin State Board of Health, 
Madison. 


A Federal level on this activity 
has been established. Each state to 
plan and work out their own program 
as a single pattern cannot be applied 
to all states. The health of the 
people of each state is the main ob- 
jective as it affects man power. 
Other groups are formed for the 
welfare of the people, which include 
recreation and education. 

The Health and Welfare group on 
state level is under the State Civil 
Defense Board and is divided into a 
number of sections. The Health and 
Welfare group, as its name implies, 
is to carry out its work at all times 
and in emergencies. A long time 
program has been worked out in 
this field as, for instance, nutritional 
benefits. Our diets may not be pro- 
portionally balanced by not contain- 
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ing the beneficial vitamins. Consid- 
eration should be given the common 
foods as milk, eggs, whole wheat 
bread, and green vegetables. By 
taking these foods in proper form, 
benefits are noted in that a number 
of aches and pains disappear. Al- 
though a number of us do not like 
certain vegetables as spinach, but by 
getting the food inside of us, the 
vitamins will help along. The men 
in the Army and Navy have balanced 
diets which most of us do not con- 
sider, and the result is that the men 
in the armed forces are physically fit 
for the work before them. 


Sewage Treatment at Camp 
McCoy, by Mr. Strand, Division En- 
gineer, Mead, Ward & Hunt, Con- 
sulting Engineers. 


The site of the Treatment Plant 
at Camp McCoy involved the problem 
of locating the plant away from the 
barracks, on the downwind side, near 
the river and at a point sloping 
away from the barracks. The result 
was that the plant was located at 
the southwest corner of the camp 
and 2,500 feet from the barracks, on 
the LaCrosse River. 

A converted low rate trickling 
filter plant was decided on so that a 
high degree of treatment could be 
accomplished. 


Economy in construction and op- 
eration was considered, and avail- 
able materials for speed in construc- 
tion, as a time limitation was in- 
volved. Dependability of treatment, 
equipment, loading and _ personnel 
were also factors. 


The system of the collecting sew- 
ers involved considerable study, the 
ground being sandy and rolling. The 
system is of the gravity type, de- 
signed to flow full at the rate of 2 
ft. per sec. Sewers are of dual con- 
struction in the Company streets, 
eliminating the tearing up of the en- 
tire street for the connections built 
of vitrified pipe and poured joints. 
Where the sewers are exposed, they 
are of metal pipe and insulated for 
protection. 

The plant design is for a maxi- 
mum load of 210 gals. per capita per 
day of domestic sewage, while the 
load as designated is 70 gals. per 
capita per day. 

Due to the sandy terrain, a grit 
chamber, hand cleaned, was designed. 
A comminutor was placed for opera- 
tion with a by-pass and hand raked 
bar screen. The following construc- 
tion of chambers and equipment 
completed the treatment plant: four 
settling tanks, detention 2 hours, 
full load 1 hour, one or all can be 
used at a time, sludge collectors, auto- 
matic overflow at end of settling 


WORKS OPERATORS MEET AT WAUSAU 












tanks, sewage to the settling tanks 
by gravity, pumps lift influent from 
settling tanks to filters, contro] 
chamber at low rate filters, effluent 
from filters to final settling tanks. 
Effluent from settling tanks and 
filters is so arranged that recircula- 
tion is possible. Chlorine treatment 
is arranged for complete disinfee- 
tion and is manually and automati- 
cally controlled. Sludge digestion 
tanks are designed for 2.8 cu. ft. per 
capita. Sludge beds built for digest- 
ed sludge. 

The plant was designed for flexi- 
bility in operation, future expansion, 
elimination of considerable critical 
materials, and treatment of domes- 
tic sewage to a degree of purifica- 
tion to meet the conditions. 





A Strong Balanced 
Storage Rack* 


It is sometimes dangerous to at- 
tach a rack to an ordinary wall and 
then pile heavy materials on the rack. 
It is poor practice because a “one- 
sided” pull is cre- ceiLine 
ated. Such a load 
is an “eccentric ees ie ca 
load,” and _ eccen- 
tric loads on col- 
umns or. walls 
sometimes end in 
disaster. If a sim- 
ilar rack could be 
attached to the 
other side of the 
wall and both sides 
loaded equally and 
simultaneously 
there would be no 
eccentric load and 
the possibility of Poy 
collapse would be 
materially lessened. 

Herewith is a 
sketch of a strong Sy 
rack that I have ta 
used successfully. | zzzzeaaa—7 
piled heavy mate- FLOOR 
rials on it—pipe, bars, angles, and 
lumber, and it never yielded in the 
least. 


To make a rack of this kind, bore 
holes in sturdy upright timbers at 
a slight angle as indicated in my 
sketch. Insert short pieces of pipe 
or strong pegs to fit nicely in the 
holes as shown, fasten the vertical 
timbers both at the top and bottom, 
and you have a good serviceable rack 
capable of holding a tremendous 
load. By placing the “shelves” on 
both sides and then loading both 
sides the desired balance is obtained 
as mentioned above. 


a 
ee ae ae 








*Contributed by W. F. Schaphorst, New- 
ark, N. J. 
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reating costs... Saves chemicals ...Increases effigi 





FREE! WHAT EVERY EXECUTIVE SHOULD KNOW ABOUT pH... 
simplifies the technicalities of modern pH control. Tells what is it, how 
it's used, where it fits into modern treating operations. Send for your 
free copy today! 
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The Beckman Automatic pH Indica- § The Beckman Industrial pH Meter hy ment 
tor—Continuously and automatically in- —Ideal for portable plant and field use. 


dicates pH, and operates standard re- Simple, rugged, accurate, and incorpo- NATIONAL TECHNICAL LABORATORIES 


cording and control equipment for fully rates many unique operating features. 


automatic pH control. Ask for Bulletin 16! Write for Bulletin 21! SOUTH PASADENA CALIFORNIA 


LEADING NAME IN pH 
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“ASARCO 


TUBE-LOY 
FEATURES 


[ype K Tube-Loy is a water 
iervice pipe which is extruded 
‘rom a patented lead alloy. 
Chis alloy materially im- 
»roves the physical character- 
stics of lead, its principal 
somponent part, so that the 
atility of the metal has been 
considerably extended and 
nereased. Type K Tube-Loy 
sssures the following advan- 
‘ages: 


@ Low initial cost 
@ Simplified installation 
@ Greater ductility 
@ Enduring performance 


@ Prompt delivery 


ras lis 


FROM STREET TO STRE: 
...FROM COAST TO COASi 


*GRI ; 


SUPERSEH 
FEATURES 


Grinnell Superseal Fla, 
Tube-Loy Fittings are mg 
from high uality, air fy. 
nace malleable iron, 
galvanized to resist com, 
sion. The use of Su 
Type K Tube-Loy fittings 
sures the following acc: 
plishments: 


@ A leak proof joint un. 
fected by vibration. 


@ A greater contact area by 
tween the tubing and th 
fitting. 


@A design that prevens 
shearing of Type K Tu 
Loy from too great wren 
pressure. 


@ A flare fitting, manufx: 
tured from galvanizt 
malleable iron, the mos 
logical material for wan 
service connections, 


The complete story of ASARCO Type K Tube-Loy and GRINNELL Superseal Flared Fittings will shortly be available in catalog 

form, as illustrated. Write to the American Smelting and Refining Company, Lead Products Division, for your free copy. 

*Type K Tube-Loy is a product of the AMERICAN SMELTING and REFINING COMPANY, 120 BROADWAY, NEW YORK, N. Y. 
*Superseal Flared Tube-Loy Fittings are produced by the GRINNELL COMPANY, INC., PROVIDENCE, R. I. 
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62nd ANNUAL CONFERENCE ON WAR TIME WATER WORKS PROBLEMS 


CHICAGO 


BOOTH NO. 93 


JUNE 21st— 25th - 
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A steam shovel, excavating for 
new bridge foundations, struck and 
broke an important main in the 
water supply of a New York village. 
The main was buried in the bed of a 
stream which carried sewage from 
many village homes. This sewage, 
washing in and around the break at 
this low point in the lines, meant a 


serious threat to public health. 


But the waterworks engineer was 
well prepared to meet such an emer- 
gency. His first thought was Per- 
chloron—a quick, dependable means 
of sanitizing the water supply and 
safeguarding the health of his fellow 


townspeople. 


Sleeves were applied to the broken 


main to reduce sewage infiltration 
and partially restore the water pres- 
sure. Taps were made on both sides 
of the break, and Perchloron was 
pumped into the main through each 
tap. Within a few minutes, 3 ppm 
residual chlorine was detected in 
nearby domestic water services. 
This residual was maintained during 
the five days required to replace 
the broken pipe. 


No B Coli were found in the sys- 
tem as a result of this break. The 
engineer says, “We give a good deal 
of credit to Perchloron for our clean 


record during this emergency.” 


Waterworks engineers in every 


section of the country have found 
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just such emergencies because of its 
quick solubility, greater stability 
and high chlorine content—more 
than 70% available chlorine. They 
use it also for sanitizing small water 
systems, new mains, wells and 


swimming pools. 


At present, Perchloron is, of course, 
being used to meet urgent war time 
demands, and we ask our customers 
to cooperate with us by ordering 
only for immediate needs, well in 
advance ...'To help you solve some 
of today’s unusual problems, there 
is a nearby Penn Salt representative 
who is at your service without obli- 
gation. And if you do not have your 
free copy of our illustrated booklet 
on Perchloron, with valuable data 
on water purification and sewage 
treatment, write today to Dept. WS. 


Perchloron 


REG. U.S. PAT. OFF. 
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AT THE FRONT — Because of its exceptional 
ability to resist vibration, annealed Everdur* 
1010 Tubing is being used in fast flying Navy 
planes for vital fuel lines and high-pressure 
hydraulic systems. —*Registered in U.S. Patent Office. 










IN INDUSTRY —In this cast Everdur drum, dilute 
sulphuric acid from a pickling bath is rinsed 
from brass components for cartridges... 
Everdur is ideally suited to this corrosive work. 


vom 


IN INDUSTRY 
: | 


4 
; 


VERDUR gets the call for these and endurance limit, fights fatigue . . . it is read- 
E other tough war tasks for the same __ ily welded and ideally suited to engineer- 
basic reasons that made this copper-silicon ing construction involving both wrought 
alloy so useful in sewage treatment plants. and cast parts. These are some of the 
It is strong, rustproof and highly reasons why Everdur Metal is in such 
resistant to corrosion ...it has a high great demand today. 42106 


Everex 


THE AMERICAN BRASS COMPANY e General Offices: Waterbury, Connecticut 
Subsidiary of Anaconda Copper Mining Company « In Canada: ANACONDA AMERICAN BRASS LTD., New Toronto, Ontario 
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CONTROL OF ODOROUS AND 


DESTRUCTIVE GASES IN SEWERS 
AND TREATMENT PLANTS 


Pays Dividends in Public Relations and Preventing Sewer 
Failures and Damage to Structures and Equipment 


from sewers and sewage treat- 

ment plants. The so-called sewer 
gas often referred to in nontechnical 
Janguage by the layman is not a spe- 
cific gas. It is an all inclusive term 
meaning any gas or combination of 
gases that may be found in a sewer. 
The most objectionable and far- 
traveling odorous gases are those 
originating from stale and septic 
sewage. Of these volatile compounds, 
which are expelled from septic sew- 
ages, hydrogen sulphide is by far the 
greatest offender. 

This gas, besides creating odor 
nuisance of intensity and travel dis- 
tance in proportion to its concentra- 
tion, has a second and decided objec- 
tion. It is a dangerously toxic gas 
in dilution higher than most oper- 
ators and engineers realize. By 
authorities it is rated with hydro- 
cyanic acid gas in respect to its tox- 
icity. It is treacherous because indi- 
viduals working in fatal concentra- 
tions lose their sense of smell. Op- 
erators working in less than fatal 
concentrations become accustomed to 
the odor but in time suffer perma- 
nent injuries—notably conjunctivitis 
and respiratory tract inflammation. 


Destructive Effects 
of Sulphide Gas 


In addition to the toxicity, hydro- 
gen sulphide is responsible for costly 
damages to sewers and plant equip- 
ment. Copper parts on expensive 
switchboards and control panels are 
in short order sulphided and flake 
away or crumble to black copper sul- 
phide powder. Short work is made 
of copper screens and brass work ex- 
posed to the moist gas at sewage 
plants. The first sign is the irri- 
descent blue coloring imparted to 
copper and its alloys. Hydrogen sul- 
phide can also be easily and simply 
detected by exposing silver coins for 
a few hours at points where pres- 
ence of the sulphide gas may be sus- 
pected. The coins turn brown and 
then black if sulphide gas is present. 

Then, one of the most disastrously 


f ke are heterogeneous odors 


By CHAS. C. HOMMON 
Supervisor of Sewage Treatment 
CANTON, OHIO 
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damaging effects from hydrogen sul- 
phide is its hidden attack. This is 
the acid disintegration of masonry 
sewers and all metal parts of man- 
hole structures. The sulphide gas in 
this type of attack is converted by 
organisms (bacteria) on the walls of 
sewers into two acids, sulphurous 
and sulphuric. It hardly need be ex- 
plained that both of these acids make 
short work of concrete or mortar. 
The calcium sulphate produced causes 
rupture of mortar pipe joints and 
brick sewers or manholes. It has 
been known to weaken sewers to the 
point of complete failure of that part 
above the sewage flow line, . below 
which no damage is done. Therefore, 
no full flowing sewer is ever dam- 
aged by sulphide gas. This gas is 
never oxidized by organisms which 
are present in the liquid but only 
those which thrive in an atmosphere 
where there exists some oxygen. If, 
therefore, it were practical to seal 
sewers so as to prevent all entry of 
air, there would be no danger of the 
so-called gas attack of sewers and 
manholes. 


An Instance 


The sanitary outfall sewer extend- 
ing from the southerly city limits of 
Canton, Ohio, to the treatment plant 
offers good evidence as to the de- 
structiveness of sulphide gas. 

This sewer is 39 inches in diame- 
ter, 6.5 miles in length, and was 
placed in service in 1915. Type of 
construction was vitrified segment 
block, laid up with mortar joints, and 


has a theoretical carrying capacity 
of 18 m.g.d. There is one depressed 
section, 3,200 feet in length, which 
is constructed of reinforced concrete. 
This length of sewer is naturally 
conducive to septic sewage and con- 
sequent development of hydrogen- 
sulphide, especially during the warm- 
er months of the year. The presence 
of offensive gases was not particu- 
larly grievous with the Imhoff con- 
tact bed type of sewage plant that 
was the original companion unit of 
this outfall sewer. However, in 1925, 
when the original contact bed units 
were converted into trickling filters 
using the conventional spray nozzles 
that were in general use at the time, 
the volatile gases made their pres- 
ence known through the atomizing 
effect of the spray nozzles. Thus 
originated a definite odor problem. 


An Early Study in 
Corrective Treatment 


In about 1928 through the efforts 
and assistance of Mr. L. H. Enslow, 
associated with The Chlorine Insti- 
tute, some work was undertaken 
using liquid to control the odors. The 
Institute furnished the chlorine and 
the firm of Wallace and Tiernan 
loaned the necessary chlorine feeding 
apparatus for the study. — 

Chlorine was first added to the 
sewage at a point locally known as 
the three way manhole, which is the 
beginning of the main outfall sewer. 
This station is 6.5 miles above the 
Treatment Plant and is the point of 
convergence of three main trunk 
sewers. 

A number of sampling points were 
established along the sewer for col- 
lecting samples for analysis. It was 
soon learned that the chlorine would 
do the trick of controlling the hydro- 
gen-sulphide. However, it was diffi- 
cult to maintain sufficient chlorine 
and the required dosage was rela- 
tively high. The receding area in 
the depressed section caused an ap- 
preciable increase of hydrogen sul- 
phide which, it was believed, defeat- 
ed the desired results at the plant. 
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It was obvious that split feeding was 
the answer; just how many points of 
desired application were not deter- 
mined because of the absence of 
necessary water pressure for oper- 
ating the chlorine machines at loca- 
tions below the three-way manhole. 

The chlorinators were then moved 
te the sewage plant and chlorine ad- 
mitted to the raw sewage just ahead 
of the bar screens. 

This work clearly indicated that a 
dosage of 10 to 12 p.p.m. would 
greatly improve conditions at the 
plant and eventually permanent 
chlorination equipment was pur- 
chased and storage racks for han- 
dling ton containers of chlorine was 
constructed. At this time odor con- 
trol was the all absorbing question, 
with only minor consideration given 
to the need for deterring disintegra- 
tion of the mortar tile joints and 
concrete structures. 

Attack on these, however, became 
accelerated in the time intervening 
and the expensive Canton outfall 
sewer, weakened by joint attack, has 
ruptured three times in the past few 
years. Internal pressures, caused 
from surcharging, proved too much 
for the weakened joints. These fail- 














ures offered good reasons and oppor- 
tunities for a thorough inspection 
of the sewer and it was found that 
practically all of the mortar joints 
above the normal flow line had dis- 
integrated and ceased to exist. Also 
many of the liner plates were split 
off and were found lying on the floor 
of the sewer. It is assumed that the 
swelling of the mortar in the joints 
during the sulphating period created 
sufficient pressure to pinch off the 
faces of these tile. In a few in- 
stances the velocity of the sewage 
had caused these fallen plates to 
gather into sufficient piles to develop 
major restrictions in the sewer. It 
was interesting to note that the por- 
tion of the sewer below the normal 
flow line was in a very satisfactory 
condition, no plates missing and all 
joints normal, whereas the upper 
areas showed serious attacks. This 
same condition prevailed in the ap- 
proaches to the concrete depressed 
section. Wherever the concrete mor- 
tar was submerged it was in a satis- 
factory condition, but above the nor- 
mal flow line (those areas normally 
in contact with moisture and the 
gases) serious deterioration was evi- 
dent. 








One of the Early Up-Sewer Chlorinating Stations for Odor Control and Sewer 
Protection—San Bernardino, Calif. 


This picture reveals the small space required for such a station and the method of 
transfer of the one-ton chlorine cylinder from truck to the in-use pit alongside the 


chlorinator house. Incidentally this picture 


was taken just after California’s worst 


floods had half-buried the chlorinator house in deposited silt. With the treatment 
plant put completely out of commission, this station performed an emergency service 
of disinfection of the bypassed sewage during the restoration by merely boosting the 
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chlorine dosage. 
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A great deal more is known today 
about sewage treatment and the han- 
dling of sewage than was available 
when the Canton outfall sewer was 
constructed and the writer is frank 
in admitting that he did not fully 
appreciate what had occurred or what 
was occurring in the sewer at the 
time this investigational work was 
being done. As a matter of fact, 
there was little if any evidence in 
1928 to show that the attack was 
proceeding at a serious pace, and 
chlorination at the plant proper 
seemed adequate for the odor prob- 
lem. 


Methods of Preventing 
Sulphide Production 


Hydrogen sulphide develops only 
after all other sources of available 
oxygen utilizable by bacteria have 
been exhausted. After this, the oxy- 
gen hunger of several species of bac- 
teria is satisfied from the only source 
left—the sulphates. In taking away 
the oxygen, the residue is sulphide, 
which hydrolizes into hydrogen sul- 
phide. 

Having laid down this premise, it 
becomes apparent that there are two 
general methods of preventing or 
checking sulphate breakdown. These 
are: 


(1) Introducing more oxygen in 
the form of air, dilution water con- 
taining oxygen, or an oxygen con- 
taining compound such as nitrate. 


(2) Suppression of bacterial ac- 
tivity and multiplication of organ- 
isms which deplete the oxygen and 
eventually break down the sulphates 
for their oxygen content. 


The sewage operator may employ 
the following corrective methods: 


(1) Air blowing to sweep out most 
of the volatile (free) hydrogen sul- 
phide and discharge of the air-sul- 
phide exhaust through a tall stack. 
Or absorption of the sulphide in the 
exhaust may be attained by passing 
it through an absorption tower. 


(2) Destruction of the sulphide 
in the sewage by addition of chlorine, 
which precipitates the sulphur in situ 
and deodorizes in so doing. 


(3) The fixation of the sulphide 
by adding a metallic salt such as 
copper or iron. 

These several methods will now be 
discussed separately. 


(1) Oxygen Introduction 


Air blowing in the sewer sounds 
attractive but has many drawbacks 
of a practical nature. The scheme 
has never been successfully devel- 
oped because of structural and op- 





























erating expense. The effect secured 
with flash aeration has short dura- 
tion, as all activated-sludge plant op- 
erators will attest. As a matter of 
fact, a small air input is worse than 
none in the overall result, since bac- 
terial multiplication is given im- 


petus and oxygen supply is too lim- 
ited. — 

The addition of nitrates (Chilean 
Saltpeter) has been used; is effective 











The Original Contact Towers for the 

Scott-Darcey Process of Making Fer- 

rous and Ferric Chloride at Oklahoma 
City. ; 

Discharge from chlorinators passes upwards 

through iron scrap, producing ferrous 

chloride. . 


but surprisingly costly in terms of 
oxygen units provided. 

Dilution, by introducing reason- 
ably clean stream water up-sewer, 
has been utilized with excellent re- 
sults during hot dry-weather flow 
when the practice is most needed, 
and fortunately is permissible at 
such times without surcharging sew- 
ers or imposing excessive flows on 
treatment works. Fortunate is the 
plant manager who can divert a por- 
tion of a stream into his sewer sys- 
tem when most needed to maintain 
clean sewers, dilute and freshen sew- 
age delivered to the plant at much 
younger age, and prevent degrada- 
tion and odor production in the sys- 
tem. 


(2) Suppression of Bacterial 
Activity 


In winter, lower temperatures of 
sewage is the natural suppressor of 
bio-activity. If it were practical to 
chill sewage to maintain tempera- 
tures of not in excess of 70° F. dur- 
ing its travel through the system 
there would be no odor or sewer at- 
tack problem. 
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The practical alternative is that 
of partial disinfection of sewage to 
reduce the total numbers of organ- 
isms, suppress their development, 
and most important of all, to reduce 
the biological “turnover.” What is 
meant by “turnover” is the number 
of new generations of young and 
vigorous organisms per hour. Like 
all living things, it is the active youth 
generation who burn up the oxygen 
in the vigor of living, and not the 
grandfather generation. Total num- 
bers of organisms may mean little 
if anything in sewage. What really 
counts is the age, activity and spe- 
cies of bacteria. This means much 
in rate of oxygen utilization and de- 
pletion, consequently, the speed of 
reaching the point of sulphide pro- 
duction and its consequences. 


To suppress bacterial “turnover” 
and rates of oxygen depletion, such 
as is provided by nature in winter 
operation, is the basis on which par- 
tial disinfection of sewage as close 
to its point of origin as practical, has 
met with success. Some remarkable 
results have thus been obtained with 
up-sewer chlorination at rates of 
dosage dictated by the temperature- 
time factor. In some _ instances 
(cooler sewage and short period of 
travel to the plant) as little as 2 
p.p.m. of chlorine has been ample. In 
other instances (drought and high 
temperatures with long travel pe- 
riods to the plant) as much as 12 
p.p.m. has been required. In others, 
a two-point application, between the 
collecting system and the plant, has 
been required for higher efficiency 
and chlorine economy. Taking it by 
and large, the 5 p.p.m. dosage has 
been effective when applied sufficient- 
ly early—i.e., before bacterial “turn- 
over” has gotten a head-start. 


During the past several years 
“preventative chlorination” has been 
the most popular odor control meas- 
ure. No set rule can be given for the 
dosage needed, for reasons above 
cited. Nor can a universal specifica- 
tion be written concerning the point 
(or points) of chlorine introduction 
up-sewer. Therefore, in cases where 
doubt exists, a hydrogen sulphide 
and chlorine-demand survey to deter- 
mine the most effective application 
point (or points) is the recommend- 
ed procedure. As a matter of fact, 
a portable chlorinator may be em- 
ployed to determine the permanent 
location (or locations) for maximum 
chlorine economy. 

In connection with such surveys 
and chlorination point selection, se- 
curing assistance of experienced en- 
gineers with The Chlorine Institute, 
50 E. 41st St., New York City, or 
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the technical service staff of Wallace 
& Tiernan Co., and/or of the larger 
chlorine producers, is suggested. 


Other Corrective Methods 


In cases where it has not proved 
practicable to adopt preventative 
measures, the following corrective 
methods are available. 


(1) Air Blowing at Plant 


So far as we are aware, this meth- 
od has only been utilized at one plant 
—Dallas, Texas. In a closed cham- 
ber the sewage arriving at the treat- 
ment works is air-blown for 4 min- 
utes and in the second pass is blown 
for an additional 4 minutes with air 
carrying chlorine gas. The exhaust 
from the aerating and aero-chlorina- 
tion chamber is discharged through 
a stack. The plant is also equipped 
to employ ordinary chlorination or 
the addition of an iron salt, which 
will destroy or “fix” the volatile sul- 
phides, as later explained. 


(2) Chlorination 


By far the greatest number of 
plants have been equipped for correc- 




















Contact Towers for the Scott-Darcey 
Process at a Small Treatment Plant in 
Arizona. 


In this instance the chlorinated iron pro- 
duced is employed for chemical precipitation 
as well as odor control. 


tive chlorination at the plant proper, 
when and if odors become a problem. 
Particularly has this method been 
mostly adopted for the smaller plants 
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and those where odor nuisance is a 
possibility rather than a probability. 

In this method, chlorine is applied 
just ahead of the bar-screens or in 
the pump well. The dosage varies 
considerably, running from 2 to 20 
p-p.m. of chlorine. In the majority 
of such cases, the 10 p.p.m. dosage 
covers the requirement. The prac- 
tice of pre-chlorination for the dual 
purpose of disinfection and odor con- 
trol simultaneously has gained con- 
siderable favor in recent times, the 
largest plants to adopt this method 
being those of Buffalo, N. Y., and 
Detroit, Mich., where pre-chlorina- 
tion has also proved more economical 
than post-chlorination, and also more 
effective as a disinfection measure 
alone. 

In the plant chlorination method 
the sulphide is destroyed by break- 
ing into the compound and precipi- 
tating the sulphur thus 

H.S + Cl,—=2HCI+S 


(3) Sulphide Fixation 


When adding chlorine solely for 
the purpose of sulphide destruction 
(i.e., after the sulphide has been pro- 
duced), the scheme is less effective 
than the following. 

Copper or iron salts may be em- 
ployed for the purpose of converting 
volatile sulphide into “fixed’’ copper 
or iron sulphide. Since copper is the 
more costly metal, and since iron 
chloride can be produced relatively 
simply and inexpensively on the site 
of application, this scheme has in 
recent times become a very popular, 
effective and inexpensive method. 

The iron chloride is produced from 
scrap iron and chlorine by passing 
the discharge of a chlorinator up- 
wards through a tank or tower con- 
taining the iron scrap. The overflow 
from the tower is ferrous chloride 
(FeCl,). The process introduced in 
Oklahoma City by L. H. Scott, Supt. 
of Water and Sewage Treatment, 
and H. J. Darcey, Chief Engr., Okla- 
homa State Dept. of. Health, and 
known as the Scott-Darcey Process, 
was taken over and perfected by 
Wallace & Tiernan Co. In the West 
and Southwest the method has been 
rather extensively and effectively 
used. With the equipment, either 
iron chlorine or chlorine may be used 
at will. The equipment can also be 
operated to produce ferric chloride 
(FeCl,) for coagulation or sludge 
filtration at will. Therefore, it has a 
decided interest because of its flex- 
ibility in respect to producing the 
proper material for the job to be 
done. 

In the matter of odor correction, 
the use of chlorinated iron has many 
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advantages over direct chlorination. 
For instance, there are stale sew- 
ages which when chlorinated partial- 
ly develop a decidedly medicated 
(iodoformish) odors. This odor is 
not of a traveling nature but is not 
pleasant and visitors would object to 
it. On the other hand, chlorinated 
iron produces absolutely no odor. For 
a given amount of chlorine, use of 
the Scott-Darcey method insures 100 
per cent efficiency in respect to theo- 
retical hydrogen sulphide removal 
per pound of chlorine. The explana- 
tion lies in the fact that the iron has 
affinity only for the sulphide and 
fixes it completely without organic 
matter interference, while chlorine is 
always in part used up by organic 
matter before it strikes the sulphide. 





and the plant. It is plain, therefore, 
that the chlorinated iron method igs a 
measure of correction which involves 
the utilization of chlorine to its high- 
est advantage. The method insures 
an efficiency of hydrogen sulphide re- 
moval at essentially 100 per cent of 
the theoretical, this being the de- 
struction of 1 p.p.m. of H,S for each 
2 p.p.m. of chlorine applied, accord- 
ing to the following reaction: 

H,S + Cl, 2HCl+§ 
The reactions involved in the chlo- 
rinated iron method are: 


(1) Fe + Cl, = FeCl, 

(2) H,S + FeCl, = 2HCl+ Fes 
Since two parts of chlorine by weight 
accounts for one sulphur, the iron 
involved can be pictured as a chlorine 











The Triple Purpose Chlorinator Installation at Dallas, Texas 


The 1,000-lb. capacity dry feed machine at center is used for “Aero-Chlorination”’ in 

grease separation and/or deodorization of stack gas. The two 2,000-lb. capacity 

solution machines are used for prechlorination odor control or producing chlorinated 
copperas at will. 


Frequently 50 per cent of the chlo- 
rine applied is thus used up and only 
50 per cent ever reaches the sulphide. 

A fact of considerable interest also 
is that the iron application can be 
made at any point desired. If, for 
instance, it is desirable to add it at 
the beginning of a long sewer, the 
iron is used up only as hydrogen 
sulphide is produced. Therefore, the 
surplus of iron travels along in con- 
tact with the sewage or industrial 
waste without being depreciated in 
any degree by the organic content. 
Thus, the iron becomes available as 
needed during progress of the sew- 
age between the point of application 





carrier in the process of “indirect 
chlorination.” 

From the above, it is readily ob- 
served that the more modern use of 
chlorine as an agent of controlling 
hydrogen sulphide would have been 
of material benefit in preventing fail- 
ure of Canton’s 26 year old outfall 
sewer, as well as correcting the odor 
problem at the plant proper. When 
considering the cost of a large out- 
fall of material length it is apparent 
that considerable can be spent for 
Summer time chlorination as a meas- 
ure for extending the life of such a 
structure to that of normal ex- 
pectancy. 
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Sanitary Engineering Division of A.S.C.E. 


Schedules Sessions for St. Paul-Minneapolis Meeting 


The Sanitary Engineering Division of the Am. Soc. 
of Civil Engineers will hold a forenoon session in St. 
Paul, Minn., in conjunction with the Summer Meeting 
of the Society, to be held at the University of Minne- 
sota, July 22-24. 

The Sanitary Division Session will be held on the 
forenoon of Thursday, the 23rd. In the afternoon an 
inspection trip to the Minneapolis-St. Paul Sewage 
Treatment Plant is being arranged by Geo. J. Schroep- 
fer, who has developed the Division’s program, which 
follows: 


Sanitary Engineering Division Sessions 
Thursday, July 23, 1942 


(Linn H. Enslow, Chairman, Executive Committee, 
presiding ) 


Forenoon Session 


“Operation of Army Sewage Plants’—L. H. Kessler, 
Chief, and John T. Norgaard, Assoc. San. Engr., Water, 
Sewer and Services Unit, Repairs and Utilities Branch, 
Construction Division of the War Department, Wash- 
ington, D. C. 


Discussion. 

“Experiences in the Operation of the Twin Cities 
Softening Plants’”—(a) Minneapolis Plant. A. E. Jen- 
sen, Supt. of Water, Minneapolis. (b) St. Paul Plant: 
L. M. Thompson, Supt. of Water, St. Paul. 

Discussion by Melvin P. Hatcher, Chief Engr. and 
Supt., Water Dept., Kansas City, Mo.; Charles H. 
Spaulding, Supervising Chemist, Department of Water, 
Springfield, I]. 

General discussion. 

“Utilities Preparedness Program of the City of Chi- 
cago”—(a) Sewer Repairs. Thomas Garry, Supt. of 
Sewers, Dept. of Public Works, Chicago. (b) Simu- 
lated Emergency Repair of Large Water Mains. B. W. 
Cullen, Supt. of Water Pipe Extensions, Dept. of Pub- 
lic Works, Chicago. 

Discussion. 

Luncheon 
Afternoon Session 


Brief Description of Operaton of Minneapolis- 
St. Paul Sewage Treatment Plant by George J. 
Schroepfer, Chief Engr. and Supt., followed by plant 
inspection. 





THE CASH MIXER 


Having heard of the mechanical 
mixer conceived and built by Bartley 


J. Cash, Sup’t. of Water Works at inventor. 








Newman, Ga., a photograph and de- 
scription of it was requested of the 


This mixing unit for coagulating 
water was constructed by Mr. Cash 
while superintendent of the water 
plant of Cornelia, Ga. The accom- 





panying picture is that of the model 
built in perfecting the machine. 

The paddles do not revolve but are 
merely oscillated back and forth. This 
motion is secured through a pitman 
rod attached to a crank arm on the 
speed reducer shaft. The agitator is 
mounted eccentrically on its shaft in 
a manner to preclude stopping of 
the swinging agitator on dead cen- 
ter. The degree of mixing is secured 
by speed changes and/or the dis- 
tance of swing of the paddles away 
from the vertical. 

In operation the oscillating pad- 
dles impart to the water a rolling 
motion which is an excellent floc 
building motion. Mr. Cash reports 
that the mixer saved considerable in 
coagulating chemicals as well as pro- 
viding dependable coagulation. 


The Cash mixing machine is de- 
scribed in considerable detail in the 
patent granted the inventor January 
21, 1941, which carries the number 
2,229,238. 
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A Multiple Use Chart for Vertical as Well 


HE alignment chart printed 
herewith gives a _ convenient 


method of finding the contents 
of cylindrical tanks placed with the 
axis horizontal for all depths of 
liquid in the tank. 

It is usually the case that only a 
fair approximation of the tank con- 
tents is required, and the calculation 
by exact formula is not very readily 
done. 

Formulas for horizontal cylindrical 
tanks contents are generally printed 
in two forms, one for use when the 
liquid level is above the centre and 
the other when the level is below 
the centre of the tank. 

On the chart, the scale relating to 
the depth of liquid is continuous; 
that is to say, it applies whether the 
liquid level be in the upper or lower 
half of the section. 
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CONTENTS OF HORIZONTAL 


CYLINDERS 


Tanks, Pipe Lines, Etc. 


By J. TARRANT 


Assoc. M.Inst.C.E., A.M.I.Mech.E. 
RUISLIP (MIDDLESEX), ENGLAND 


To use the chart, a straightedge 
is placed across the scales, and the 
intersections on the three scales give 
the related values. Line A gives the 
ratio of depth of liquid to the diame- 
ter of the tank; line B, the diameter 
of the tank in feet; and line C, the 
contents, in cubic feet and gallons, 
for each foot of length of the tank. 
In the example shown by the line 
across the chart, a tank 15 feet in 
diameter in which the contents are 
10 feet 6 inches deep, will contain 
approximately 1,000 gallons per foot 
of length. 

By using the fixed value of 
h/d=TI, the chart also gives con- 
tents per foot of height of a cylin- 
der with vertical axis, and also the 
contents of full pipes per foot of 
length. 

Sometimes the dimensions of a 
tank or pipe line will not be in feet, 





as Horizontal 


but the chart may still be used. The 
contents will be in units which cor- 
respond to the dimensional units, 
and the scale of gallons will not 
apply. For example, if the diameter 
is taken in inches, the contents, read 
on the cubic feet scale, will be in 
cubic inches per inch of length. 

The calculation of contents is 
clearly based on the area of the seg- 
ment of a circle, which is what the 
contents scale on line C shows, and 
the calculation of segmental areas, 
in any dimensional units, may be 
made by use of the chart so long as 
the cubic feet scale is read, and units 
ascribed to this which correspond to 
the units used for the diameter. 
When the diameter is in feet, the 
area of the segment is in square 
feet; for meters, the area is in 
square meters; for inches, in square 
inches, and so on. 
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| The Editor's Commen 


“Old Glory”—Keep It Flying! 

AST month it was felt that we had nothing suffi- 
L ciently worthy for this page that had not been 

said elsewhere in the issue, to justify use of the 
space or the reader’s time to read it. This leads us to 
wonder how many readers have noticed that in other 
issues also we have felt the same way about use of the 
space and the taking of reader’s time for no reason 
other than an assumption that an editorial is something 
of a “must” for every issue. In other words, our last 
month’s issue was not the first to be sent to press with- 
out a “message” of some sort from an inspired editorial 
pen. Fact is, Ye Ed. has experienced more perspira- 
tion than inspiration in getting out some issues, and 
some of his writings may have reflected something of 
the sort. This month is different though and we hope 
that this page will be read by many who will find the 
time. 

In choosing the cover picture for this number, which 
is to issue at the approach of the anniversary of Amer- 
ica’s independence and the birth of our “American 
Way of Life,” we felt inspired. Also in the matter of 
something to say on this page we feel inspired on 
several counts. 

First, we have felt inspired because of the account 
which the defenders of “Old Glory” have given of them- 
selves on Bataan peninsula, at Corregidor, and more 
recently on the Pacific and over the Mediterranean. We 
have also experienced a marked inspiration, as did 
thousands of others who felt the pulse of that Flag Day 
celebration in Chicago on last Sunday, June 14th, and 
saw some of the spirit of that gigantic parade which, 
after a long day of putting together some of this 
voluminous number (a product of “perspiration’”’), we 
found still going at 1:30 on Monday morning. In addi- 
tion to the military showing, this was the “People’s 
Parade,” which left one with a pretty good idea as io 
why the “American Way” is obliged to continue and 
why true Americans just can’t be whipped after they 
have made up their minds that there is fighting to be 
done. 

And, we felt still further inspired to write in this 
vein as the result of the re-reading of Naseb Damoose’s 
inspiring story of “What Democracy Means to Me” in 
our May issue, wherein he relates some of the history 
of his ancient American family, of his parents’ migra- 
tion to this land of privilege, and his comparison of 
the sparse opportunities available to the common man 
in other countries as contrasted to the ““American Way” 
here which permitted this immigrant boy to receive an 
education and climb the ladder which has taken him 
from a laboratory helper in the Grand Rapids Sewage 
Plant to plant superintendent in a neighboring com- 
munity and now to the position of Director of Public 
Services at Battle Creek, Mich. A No. 1 citizen, Naseb 
Damoose had the community spirit which caused his 
Rotarian brothers to draft him as a substitute for a 
non-appearing out-of-town speaker one day. With no 
opportunity for preparation, he spoke from the heart 
of a grateful American who, but for his father’s de- 
cision to come to this land, might never have known 
“What Democracy Means to Me.” His talk went over 
with a bang. 

We wondered what the reactions of our readers would 
be to this type of article in a technical magazine, and we 
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have now found out. The splendid commentaries which 
we have received from readers commending us fo, 
printing Mr. Damoose’s article is a great satisfaction 
One in particular we would like to quote. It comes from 
a one time Dutch immigrant who has risen high in hig 
chosen field. Here it is: “The printing of the Damooge 
article needs no apology. It is a privilege to publish and 
to read. Most of us in a similar position, as was the 
author originally, are at a loss for words to express 
the thoughts as well.”—Rudolf. 


Do Your Bit—Turn in the Scrap 


( S CHAPTER TWO of “Old Glory—Keep It Fly- 





ing” we wish to remind water works and sewerage 

men that there was never a time like the present 
to make a good house-cleaning of utility and public 
service properties count for as much. 

Our experience has been that the quantity of non. 
serviceable metal here and there around water works 
and power plants is astonishingly impressive if it is 
ever pulled out from here and there and placed in one 
pile. In reorganization or exchange in ownership of 
water utility properties we have known cases where a 
survey followed by salvage has not only markedly im- 
proved plant appearances and maintenance and oper- 
ating efficiencies, but has actually yielded unthought of 
impressive returns in the coin of the realm. 

In the present need for every pound of available 
scrap metal and non-expendible metal equipment, in 
the production of armaments and war material, what 
the return from salvage may mean in monetary values 
is relatively unimportant—the thing that counts is the 
return of these needed metals to circulation and the 
doom of Hitler’s gang and the despicable Japs. 

Every scrap of brass, bronze and copper will help 
stop another Jap and every ounce of old rubber boots, 
hose, tires, etc., will do a lot in the aggregate toward 
winning this war, which should be considered as the 
No. 1 MUST on every American’s list. When you con- 
sider your own plant alone, the amount of junk mate- 
rials to be gathered together may not amount to a great 
deal, but, multiply your contribution by the thousands 
of American plants and you will see what your “bit” 
will add. 

From this writer’s experience it will surprise many 
to see what the salvage pile will look like when once 
this clearing out process gets under way. Pulling out 
one dead pipe line will uncover others. A search be- 
hind the old boiler may bring forth a couple of old 
forgotten chlorine cylinders; and pip: galleries of old 
filter plants can yield an important poundage of un- 
required metal. We have known old standpipes that 
could well be turned into modern tanks of another 
variety. There are many forgotten mains and service 
lines—some that may be found responsible for much 
unaccounted for water waste. 

All in all, we can visualize a real mountain of metal 
scrap to be had if every water works operator made up 
his mind that a real house-cleaning and salvage pro- 
gram constituted a war service counting for many 
times its effectiveness if done “today” rather than 
“tomorrow.” We would like to have for our Honor Roll 
the names of all managers who can report that they 
have a salvage program either under way or completed. 
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FOR PERFORMANCE USE Ecomomny SEWAGE PUMPS 


Economy builds a complete line of Sewage Pumps. Economy equip- 
ment will do your job well. Write for your copy of Economy’s latest 
data book, crammed full of engineering data. Sent free upon request. 
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Horizontal Solid Shell Pumps 

with suction and case cleanouts. 

Also available in split shell type. 
Capacities 


100 to 35,000 GPM 

















Vertical Direct Con- 
nected Pumps with 
self contained motor 
mountings used in 
shallow settings. 


Capacities 


100 to 8,000 GPM 


Axial Flow type 
pump for either 
vertical or hori- 
zontal settings. 
Any size to suit 
your needs. 
Capacities 


150t0 40,000 GPM 


Duplex Submerged Type 
Sewage Pumps. For 
either general or non- 
clog service. 


Single Submerged 
Type Sewage 
Pumps. For either 
general service or 
non-clog service. 


Capacities 


10 to 14,000 GPM 


Vertical Pumps for 
Open Shaft Drive. 
Combination Sup- 
porting Base and El- 
bow with quick act- 
ing suction and case 
cleanouts. 
Capacities 


100 to 35,000 GPM 


Economy Pumps Inc., Hamilton, Ohio 














A POWERFUL DEODORIZING AND 
DECOLORIZING COAGULANT 


The Activated Blackalum is a 
premium coagulant—stabilizes 
sludge—fast floccing over wide 
pH range—is fcr the superin- 
tendent who will pay a little 
more to get complete satisfac- 
tion from summertime coagu- 


lation worries. 














Blackalum contains powdered 


activated carbon. 


ECONOMICAL—CONTAINS 
HIGH ALUMINA 


Standard Activated Alum is 


“New'Yomn ~ Bacriwore 





America’s outstanding water 
works coagulant—developed by 
water works men—for water 
works use. It is the type pre- 
ferred by the alert superintend- 
ent who wants maximum co- 
agulation economy with great- 
est efficiency. 


Standard Activated Alum 
contains insoluble silicates. 





Write Stuart-Brumley, Baltimore 
———_< 


STUART-BRUMLEY CORP. 


BALTIMORE, MD. 








Buy Wisely — By Letter 





* PALMER FILTER BED 
AGITATORS 
Wash) Many Hundreds in Service 

* CO-RES-CO PROTEC- 
TIVE COATING FOR 
STEEL AND CEMENT 


Surface 


* ACTIVATED CARBON 


For Taste Removal) 


* BLEACHING CLAY 


For Aiding Coagulation) 


516 N. CHARLES ST. 
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Recent New 


FLEXIBLE 


Improvements 


@ Write today for new circular describing 
EZY ROD REEL, EZY ROD STAND and 
FLEXIBLE ROD LINE PULLER. 


FLEXIBLE SEWER-ROD EQUIPMENT CO. 


9059 VENICE BOULEVARD LOS ANGELES, CALIFORNIA 
401 BROADWAY, NEW YORK, N.Y. @ PICKWICK BLDG., KANSAS CITY, MO. 













“Deep in the Heart of Texas’— 






















are these three 108” x 72” 
LAKESIDE Zeolite Soften- 
ers busy supplying the soft- 
water requirements of one 


of our great army camps. 


We invite comparisons with 
other installations of water 


softeners. 


Write for Information 





LAKESIDE ENGINEERING CORP. 


222 WEST ADAMS STREET CHICAGO, ILL. 
WATER SOFTENING, FILTERING AND CONDITIONING 
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Alvord Burdick & Howson, Consulting Engineers 





3409 E. 18TH ST. 


OMEGA MACHINE COMPANY 





Omega Belt Type Gravi- 
metric Feeder and Slaker 


Recent War Plant Installations 


Omega lime slaker with gravimetric 
feeder. The belt type gravimetric feed- 
er is equipped with a chart type oper- 
ation recorder for keeping a permanent 
record of the feeder performance. The 
insulated slaker has built in heat recov- 
ery coils for efficient, high temperature 
slaking. The division box at the left 
proportions the slaked lime to two points 
of application. This is accomplished by 
means of OMEGA Adijustable Propor- 


tioning weir valves 


Consult Omega on chemical feeding 
problems. 





KANSAS CITY, MO. 


























rrieid ave. HAMMOND, IND. 


DOUBLE-DUTY CLEANER 
for SEWERS and CATCH BASINS 


New Combination Equipment Speeds-Up Work 
Cuts Cost of Restoring Sewerage Efficiency 


TWIN RIG. OK Champion Power Sewer 
Cleaner is the only equipment that removes 
debris from sewer to street level in ONE 
operation. 


FOR CATCH BASINS. Orange Peel bucket operates through 
man-hole opening. A tremendous time-saver over old hand- 


shovel methods, 
= 


FOR SEWERS. Traveling expansion bucket bites into block- 
ade; closes on reverse pull, withdraws to street level, empties 
automatically—all in a continuous mechanical operation. 


Now! ...A new combination of equipment that cleans BOTH 
Catch Basins and Sewers—quickly. Make sewer and catch- 
basin cleaning routine operations and maintain your sewer- 
age system at 100% operating capacity. 


Saves Its Cost — QUICK! 

Tree roots, sand, gravel, and other heavy debris decrease and 
eventually stop sewage flow. Damage from this clogging can 
be avoided by a small precautionary investment—averaging 
only 3¥%c to 7c per foot—in the seasonal renovation of your 
sewage system. These low costs are possible only with this 
easily interchangeable equipment— powered by the OK 
Champion Twin or Single Rig Power Cleaner. Write for Free 
Literature. 

Highway culverts also easily cleaned 

with OK Champion Tools — Write us. 


Ask About Our 
10-DAY 
FREE TRIAL 


CHAMPION CORPORATION, 4714-38 Sheffield Ave., HAMMOND, IND. 
WATER Works & SEWERAGE, June, 1942 


































































THE REX 


@) MAXIMUM FLOC 


formation! That’s what 
you get with Rex Slo- 
Mixers, because they 
provide just the right 
turbulence. By decreas- 
ing the turbulence pro- 
gressively as floc size 
increases, the maximum 
floc size is preserved 
until the settling basin 
is reached! 





@ MULTI-STAGE 


Slo-Mixers quickly pay 
for themselves through 
greater savings of 
chemicals, improved 
mixing and increased 
overall plant efficiency. 
The ingenious Rex baf- 
fle arrangement elimi- 
nates harmful short- 
circuiting—assures 
positive mixing! 


PROVED IN PLANTS 


like yours! Rex Slo- 
Mixers have proved 
their worth through 
extensive operating ex- 
perience! They may be 
installed in existing 
basins or a portion of 
existing sedimentation 
basins may be con- 
verted readily into slo- 
mixing basins. 






@ THE WHOLE STORY 


is in Catalog 389! Cata- 
logs on Rex sanitation 
equipment, for use in 
water or waste treat- 
ment plants, including 
conveyor and Tow-Bro 
sludge collectors, bar 
screens, screening 
shredders, Aero-Filters 
are yours for the asking. 


Write to: 1610 W. Bruce Street, Milwaukee, Wisconsin 


G9 SLO-MIXERS 


CHAIN BELT COMPANY OF MILWAUKEE 
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MEETINGS SCHEDULED 


June 18-19—MINNEAPOLIS, MINN. (Nicollet Hotel) 
Central States Sewage Works Association. (15th Annuaj 
Convention.) Sec’y-Treas., E. J. Beatty, 458 State Office 
Bldg., Madison, Wis. 


(Note the change in schedule of this meeting from Octo. 
ber in the past to June henceforth. This year the dates 
were purposely chosen to immediately precede the 


A.W.W.A. Convention, which is to be held in Chicago 
June 21-25, with a day for fishing in between.) ' 





June 21-25—CHICAGO, ILL. (Stevens Hotel) 


American Water Works Association. (Conference 
on Wartime Water Works Problems.) Executive. 
pg mean E. Jordan, 22 East 40th St., New 
lol k. N. # 











July 22-25—MINNEAPOLIs, MINN. (University of Minnesota) 
American Society of Civil Engineers. Secretary, Geo. T, 
Seabury, 33 West 39th St., New York, N. Y. 


(See Program Page 281) 


Aug. 12—CAMDEN, ME. 
Maine Water Utilities Association. Secretary, Earl A, 
Tarr, Winthrop, Me. (Next meeting Oct. 14th, Frye- 
burg, Me.) 


Aug. 25-28—HousTon, TEXAS 
American Society Sanitary Engineers. Secretary, J. W. 
Walker, City Hall, Waterbury, Conn. 


Aug. 25-26—HARRISBURG, PA. (Penn-Harris Hotel) 
Pennsylvania Sewage Works Operators’ Ass’n. (Annual 
Meeting.) “Sec’y, Bernard S. Bush, State Dept. Health, 
Harrisburg, Pa. 


Aug. 27—HARRISBURG, PA. (Penn-Harris Hotel) 
Pennsylvania Water Works Operators’ Ass’n. (Annual 




















Meeting.) Sec’y, I. M. Glace, 22 South 22nd St., Harris- 
burg, Pa. 


Sept. 9-11—TRAVERSE CiTy, MicH. (Park Place Hotel) 
Michigan Section, A.W.W.A. Sec’y, M. N. Gerardy, Sup’t 
Water Supply, Water Board Bldg., Detroit, Mich. 


(Meeting jointly with) 


Michigan Conference on Water Purification. Sec’y, R. J. 
Faust, Dep’t of Health, Lansing, Mich. 





Sept. 15-18—PoLAND SprinG, ME. (Poland Spring 
House) 

New England Water Works Association. Sec’y, 

Frank J. Gifford, 613 Statler Bldg., Boston, Mass. 











Rocky Mountain Section A.W.W.A. Secretary, B. V 


| 
| Sept. 17-18—-CHEYENNE, WYOMING (Frontier Hotel) 
| Howe, 201 Argonaut Hotel, Denver, Colo. 


| Sept. 18—Pirrspurcu, Pa. (Roosevelt Hotel) 
Western Pennsylvania Section A.W.W.A. Secretary, E. P. 
Johnson, 418 Flannery Bldg., Sta. 13, Pittsburgh, Pa. 


| Sept. 24-26—StT. PAUL, MINN. (Lowry Hotel) 
| Minnesota Section A.W.W.A. Secretary, A. M. Finch, 
| Wallace & Tiernan, Inc., 416 Flour Exchange, Minneapo- 


lis, Minn. 
(Continued on Page 118) 
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The FIRST 
Water Meter patent in 
the United States was 


granted to Henry R. 
Worthington in 1855 





Since then .. . 


Worthington-Gamon has successfully executed 
the largest contracts awarded for water meters. 
. . . has continued to serve year after year 


many hundreds of satisfied customers. . . . has 
modernized its product to meet present require- 
ments. 

Now ” e a 


Worthington-Gamon manufacturing facilities 
are augmented by a thoroughly equipped 
Research Laboratory manned by technically 
trained water works engineers. 


Today ... 


Worthington-Gamon is furnishing water meters 
to meet the most rigid requirements of material, 
workmanship and accuracy, 


Inquiries from Corporate and Private 
Interests everywhere’ are 


invited 


WORTHINGTON-GAMON METER CO. 
General Offices: HARRISON, NEW JERSEY 


| 
| 


WORTHINGTON - GAMON 


WG1-8 
























LASTING 
PIPE PROTECTION 





More than 25 years’ experience shows that most 
types of ferrous pipes break down when exposed 
to the destructive action of soil corrosion. Such 
pipes give low-cost service only when protected 
with a corrosion-resistant coating. 





The toughest coating can be seriously damaged 
by soil stresses and earth loads. To keep mainten- 
ance from becoming a problem, the coating must 
be shielded or reinforced with a durable wrapping. 





Made of asbestos fibers—inorganic and non-tubu- 
lar—J-M Pipe-Line Felt cannot support capillary 
action. Strong and durable, it effectively prevents 
distortion and abrasion of coatings. Its high cor- 
rosion resistance assures efficient protection for 
coatings—minimum upkeep costs. 
* e - 

YOU’LL BE INTERESTED in learning how J-M 
Asbestos Pipe-Line Felts add years to the life of 
pipe under any service conditions. For details, 
write Johns- Manville, 22 E.40th St., NewYork, N.Y. 


JOHNS-MANVILLE JM 


/ ASBESTOS pipe-tine FELTS 
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wit‘ DRACCO 
PNEUMATIC CONVEYOR 


The following Chemicals are efficiently and economi- 
cally handled by DRACCO Pneumatic Conveyors in 
Water Works and Sewage Treatment Plants located in 
all parts of the country. Alum, lime, soda ash, baux- 
ite, ferrous sulphate, pebble lime, activated carbon, 
and ammonium sulphate. 































A PARTIAL LIST OF DRACCO INSTALLATIONS 





FRIDLEY FILTRATION PLANT................. Minneapolis, Minn. 
DALECARLIA FILTRATION PLANT............. Washington, D. C. 
MUNICIPAL WATER SOFTENING PLANT......... Sandusky, Ohio 
MUNICIPAL WATER SOFTENING PLANT............ Ames, lowa 
LEMIEUX ISLAND FILTRATION PLANT........... Ottawa, Ontario 
MAHONING VALLEY SANITARY DISTRICT........... Niles, Ohio 
ee ee Ro: 8 eee Columbus, Ohio 
Po ODL ae Peru, Ill. 
U. S. GOVERNMENT FILTRATION PLANT. .Ft. Leavenworth, Kans. 
ot Ss eee Hamilton, Ohio 
BACHMAN WATER PURIFICATION PLANT......... Dallas, Texas 
oe ee OC errr Richmond, Va. 
BO errr re Springfield, Ill. 


MINNEAPOLIS-SAINT PAUL SANITARY DISTRICT. .St. Paul, Minn. 
(Sewage Disvosal Plant, 2 installations) 


MUNICIPAL WATER PLANT (2 installations)..... Milwaukee, Wis. 
MUNICIPAL SEWAGE DISPOSAL FLANT....Oklahoma City, Okla. 
MUNICIPAL SEWAGE DISPOSAL PLANT........ Denver, Colorado 
MUNICIPAL WATER PLANT............cccccccees Covington, Ky. 
MUNICIPAL WATER PLANT................... Ann Arbor, Mich. 
CLAYTON SEWAGE DISPOSAL PLANT............... Atlanta, Ga. 
SEWAGE DISPOSAL PLANT (2 installations)...... Cleveland, Ohio 
MUNICIPAL WATER PLANT..........-..... Benton Harbor, Mich. 


oo BE eae Warren, Ohio 
MUNICIPAL SEWAGE DISPOSAL PLANT............ Detroit, Mich. 
BB eer Flint, Mich. 
CITY OF TORONTO WATER WORKS PLANT...... Toronto, Ontario 
WATER FILTRATION PLANT.........c0ececdeess Ottawa, Kansas 
EL RENO WATER TREATMENT PLANT........ El Reno, Oklahoma 
CITY OF GRAND FORKS.............. Grand Forks, North Dakota 
MUNICIPAL SEWAGE PLANT........... Pittsburgh, Pennsylvania 
WATER FILTRATION PLANT... ....ccccccccccsess Wichita, Kansas 
INDIANAPOLIS WATER CO...................: Indianaoplis, Ind. 
pio Be hs 8 eee Avpleton, Wis. 
poe A es eer Chillicothe, Ohio 


Write for Bulletin No. 526 






@ For Further Information Write e 


DRACCO CORPORATION 


Successcrs to The Dust Recovering & Conveying Co. 


4079 E. 116th St., Cleveland, O. ® New York Office, 130 W. 42nd St. 


i PNEUMATIC CONVEYORS © DUST COLLECTORS |i 
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MEETINGS SCHEDULED 


Sept. 25—NeEw LONDON, CONN. (Ocean Beach Pavilion) 
New England Sewage Works Association. (Fall Meet- 
ing.) Sec’y-Treas., LeRoy W. VanKleeck, State. Dept. of 
Health, Hartford, Conn. 


Oct. 7-9—-PHILADELPHIA, PA. (Benjamin Franklin Hotel) 
Four States Section A.W.W.A. Secretary, H. Lloyd Nel. 
son, 1624 Lincoln-Liberty Bldg., Philadelphia, Pa. 


Oct. 12-14—ROcCHESTER, N. Y. (Sagamore Hotel) 
American Society Mechanical Engineers. Scerectary, 29 
West 39th Street, New York, N. Y. 


Oct. 12-15—LITTLE Rock, ARK. (Marion Hotel). 
Southwestern Section A.W.W.A. Secretary, Lewis A. 
Quigley, City Water Works, 3320 W. Berry, Fort Worth, 
Texas. 


Oct. 15-17—-CLEVELAND, OHIO (Hotel Statler) 
Ohio Conference on Sewage Treatment. (Meeting with 
Federation of Sewage Works Associations). Sec’y-Treas,, 
W. D. Sheets, 568 E. Broad Street, Columbus, Ohio. 


Oct. 18-21—CLEVELAND, OHIO (Statler Hotel) 
American Public Works Association. (Annual Public 
Works Congress.) Exec. Dir., Norman Hebden, 1313 East 
60th St., Chicago, IIl. 


Oct. 19-21—PapucaH, Ky. (Irving Cobb Hotel) 
Kentucky-Tennessee Section A.W.W.A. Secretary, H. D. 
Schmidt, Div. San. Eng., State Dept. of Health, Nash- 
ville, Tenn. 


Oct. 20-21—WausAuU, WIsc. (Hotel Wausau) 
Wisconsin Section, A.W.W.A. Secretary, Leon A. Smith, 
Sup’t of Water Works, City Hall, Madison, Wis. 


Oct. 22-24—-StT. Louis, Mo. (Coronado Hotel) 
Missouri Valley Section, A.W.W.A. Sec’y, Earle L. 
Waterman, 104 Engineering Hall, University of Iowa, 
Iowa City, Ia. 





Oct. 22-24—CLEVELAND, OHIO (Hotel Statler) 
Federation Sewage Works Associations. (3rd An- 
nual Convention.) Sec’y, H. W. Wisely, Urbana- 
Champaign Sanitary District, Urbana, IIl. 











Oct. 27-30—Srt. Louis, Mo. (Jefferson & Statler Hotels) 
American Public Health Association. Exec.-Sec’y, Dr. 
Reginald M. Atwater, 50 West 50th St., New York, N. Y. 


Oct. 28-30—-OAKLAND, CALIF. (Hotel Oakland) 
California Section, A.W.W.A. Sec’y, H. Arthur Price, 
Dept. Water and Power, 316 West 2nd St., Los Angeles, 
Calif. 


Oct. 28-31—OAKLAND, CALIF. (Hotel Oakland) 
Water and Sewage Manufacturers Association, Inc. 
Chairman, J. R. Barker, 320 Market St., San Francisco, 
Calif. 


Nov. 2-4—DurHAM, N. C. (Washington Duke Hotel) 
North Carolina Section, A.W.W.A. Sec’y, R. S. Phillips, 
Chief Chemist, Water Department, 206 Dacian Ave., Dur- 
ham, N. C. 


(Meeting jointly with) 


North Carolina Sewage Works Ass’n. (22nd Annual 
Meeting). Sec’y-Treas., R. S. Phillips, 206 Dacian Ave., 
Durham, N. C. 


Nov. 5-6—(Place not decided) 
Virginia Section, A.W.W.A. Secretary, F. H. Miller, Ass’t 
Engr., Bureau of Sanitary Engineering, Dept. of Health, 
Richmond, Va. 
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> No. 1 BASIC MATERIALS 


FOR UNCLE SAM’S ARSENAL! 





As a user of liquid chlorine or soda ash, 

you are probably well acquainted with the 
fact that these products are, either directly 
or indirectly, a factor in nearly all industries— 
practically every one of which is today on a war 
time production basis! 

As with war producing industries, the public 
health services of this country are on a war time 
basis. The responsibility of these agencies under 
the best of circumstances is always a grave one. 
Now, in war time, this responsibility is increased a 
thousand fold. 

Precious as liquid chlorine and soda ash are to 
vital war production, these Solvay products are 
still available in required amounts to the public 
health services for water and sewerage 
treatment. We must all conserve and 
use them carefully so that every pos- 
sible pound of these vital materials can 
be used to the fullest extent for victory! 


SOLVAY SALES CORPORATION 


Alkalies and Chemical Products Manufactured by 
The Solvay Process Company 





40 RECTOR STREET NEW YORK, N. Y. 
BRANCH SALES OFFICES: 
Boston . Charlotte ° Chicago ° Cincinnati 


Cleveland ¢ Detroit °¢ New Orleans ° New York 
Philadelphia ¢ Pittsburgh ¢ St. Louis ¢ Syracuse 

















HERE’S oH 
AND CHLORINE CONTROL 









Taylor Slide Comparators, light, compact and molded 
of durable plastic, use liquid colorimetric standards 
which assure accurate determinations ... because 
comparisons are always made with standards of a 
similar medium. It takes only two minutes with a 
Taylor Slide Comparator. 


All Taylor Color Standards carry AN UN- [Wir 
LIMITED GUARANTEE AGAINST FADING! Sof. 






% 
Write for illustrated 80-page booklet aii 
“Modern pH and Chlorine Control” *t 
.- or see your dealer today! “Zp. 


W. A. TAYLOR “sz: 


7308 YORK RD. ¢ BALTIMORE, MD. 


































3 Money, Time and Labor Saving 


Features of 


UNIVERSAL 


CAST IRON PIPE 


Laid with Only Wrenches 


a> 
if 





No Caulking Materials 


¥ 





No Gaskets. No Bell Holes 
to Dig. 


ef 








For water supply, fire protection sys- 
tems, sewage disposal systems, indus- 
trial, and irrigation. Flexible. 


Dept. C 
THE CENTRAL FOUNDRY COMPANY 
386 FOURTH AVENUE, NEW YORK, N. Y. 


Gentlemen: Send us information and catalog on 
UNIVERSAL CAST IRON PIPE. 
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LIME 











ALWAYS USEFUL... 
a » OFTEN INDISPENSABLE 


Lime is a very important agent in the treatment of 


municipal and industrial water supplies. Its use is in- 


creasing steadily for water softening; for treatment 


prior to filtration; for neutralization of acid water; 


and for the prevention of corrosion, 


“red water," 


is easy to use 


Its high quality as produced by mem- 
bers of this Association and the conve- 
nience of plant locations are added 
values deserving your recognition and con- 


tributing to the solution of your problems. 


and scale formation. Lime 


and low in cost. 


-tested by time 


NATIONAL LIME ASSOCIATION 


927 Fifteenth St., N. W., Washington, D. C. 


This Association is an organization of leading lime 
manufacturers formed to encourage a better appre- 
ciation of the economic value of lime in all its uses. 
We welcome opportunities to send interested 
waterworks officials our lime specifica- 


tions and full impartial data; to put 
them in touch with our nearest manu- 
facturing member; or to serve in other 
ways the men responsible for producing 
better water. 

Whatever your water treatment, learn 
about lime. 

















“RUSTOP”’ 


the cathodic system of 


corrosion 


reduces 


costs and prolongs the 
life of your tanks in- 


de finitely. 


maintenance 


RUSTOP saves 
your tanks from 
costly corrosion 


prevention, 



















Entirely automatic; functions in cold or 
warm weather; protects tank and riser; 
old or new tanks without special prepa- 


ration. 


ELECTRO RUST-PROOFING 


= RNY 


3rd National Bldg. 


Let us quote you on stopping 
rust in your tanks. 





Dayton, Ohio 





Visit Our 
Booth No. 80 
During the 
A.W.W.A. 
Convention 








for QUICK REPAIRS 


in DEFENSE @ 
EMERGENCIES! 





For wartime emergency-breaks in pipe lines, 
this Doublex Simplex Split Sleeve will enable 
you to make quick, economical, effective re- 
pairs. You should have a supply of several 
of each different size that you might need. 
Thousands in use, some for 13 years. Order 
now from shipping point nearest you as fol- 
lows: Birmingham, Dallas, Kansas City, Los 
Angeles, Minneapolis, San _ Francisco, . 
Pittsburgh. 


AMERICAN CAST IRON PIPE CO. 
BIRMINGHAM, ALA. 


El Paso Pittsburgh 
Minneapolis New York City 
Los Angeles San Francisco 


Kansas City 
Cleveland 


Dallas 
Chicago 


Houston 
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EQUIPMENT NEWS 


Pittsburgh - National An- 
nounces the New Empire 
Victory Meter 


@ It has become something of a habit 
for Pittsburgh Meter to announce some 
new developement at AWWA Conven- 
tion time. This year it is another de- 
parture in meter design—the Empire 
Victory Water Meter. 

The Empire-Victory is designed with 
jron outer case and a molded glass 
register box in order to conserve vital- 
ly needed brass for the war effort. The 
manufacturer states that about 70% 
of the bronze normally used in a domes- 
tic size meter has been eliminated, with- 
out sacrificing any of the quality con- 
struction details that have for 72 years 
been associated with name “Empire” 
on water meters. 








It is stated that the cast iron outer 
casing of the Victory model is especial- 
ly treated, coated and lined to prevent 
the formation of rust. Machined sur- 
faces are chemically treated to inhibit 
corrosion. The casting surfaces are pro- 
tected with a coating of ‘“Resistin”, 
which is described as a special synthetic 
resin enamel finish, permanently bonded 
to the metal. Lead alloy liners are pro- 
vided at all points of contact between 
the measuring chamber and the outer 
shell. 

Of special interest is the molded 
glass register box. This is a single- 
piece, strong, molded glass unit which 
fits snugly over the register and is re- 
tained against a fibre gasket by two 
screws. The manufacturer states that 
the glass used is thick and strong and 
that it will withstand considerable 
abuse. Interestingly, the design per- 
mits this glass unit to serve both as 
a register box and as a lid. 

The Victory Meter utilizes the same 
oscillating piston principle of measure- 
ment that has proven so successful in 
all Empire meters. The measuring 
chamber is of the snap joint type, 
within which operates a balanced piston 
having a centrally located web. The 
design requires the use of only three 
interior bronze castings. A four-wheel, 
oil enclosed gear train is provided— 
the top half of the measuring chamber 
acting as the gear train bottom plate. 
(Continued Page 122 















































% of many emergencies—floods, hurricanes, fires, serious 
y | power failures and several others. Wherever emér- 
|e) gency floodlighting or instant pumping or quick re- 
| pairs have been necessary, Homelites have been right 
' on the job. Now these readily portable, self-operating 
| units are ready for a greater emergency — WAR. 
; Thousands of water works and public works depart- 
ments have them on hand ready for any blitz. 








If bombs blow up water mains, Homelite Pumps can 
be put right on the job. They'll have the craters 
pumped out in no time so that repair crews can do 
their work with a minimum of delay. And if it comes 
at night, Homelite Generators will give men the 
floodlighting they need for speed. Also for fight- 
ing night fires caused by bombings; or for power 
standby at telephone or signal stations; itluminat- 
ing hospitals, Red Cross stations, and defense 
centers, Homelite Generators will be at their 
posts ready to do their duty. 


Homelite Pumps and Generators can take it. 
Those that have them know they are built to 
stand up without failure under the most severe 


A Homelite Generator (above) and a operating conditions. 
Homelite Pump are easily carried by 

one man—transportation difficulties 

are eliminated. Action is insured, 





KEEP 'EM FIT FOR THE JOB 


A few simple precautions such as keeping spark plugs clean, 
carbon out of the cylinders, the right mixture of oil in the 
gasoline, etc. will keep your Homelites in the pink of 
condition. Send for our service bulletins that show how to 
get the most out of your units. Specify model and serial 
numbers of the Homelites you now have. 


Homelite Corporation 


2506 RIVERDALE AVE., PORT CHESTER, N.Y. 
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THIS NEW 


EMERGENCY 
SERVICE CAR 
is now at your 


COMMAND! 





} This new emergency car is 
equipped with all of the latest 
modern scientific instruments for 
detecting and locating all of your 
water distribution problems, such 
as leaks, lost pipe, valves, tees, 
crosses, dead ends, abandoned ser- 
vices—will also locate fixtures 
that are too deep for a dipping 
needle. 

On water leak surveys this car 
will cover an area of one hundred 
fire hydrants in one eight hour 
day, and 


Will tell you 


WHERE TO DIG for | 


leaks, lost pipe, valves, etc. 





This emergency car can be hired 
by the day, week or by contract. 


For prices write to 


S. F. FERGUSON 
DOUGLAS HOTEL BLDG. 
NEWARK NEW JERSEY 
also 
Eastern Distributor for 
“UNIVERSAL” 


Water Leak Detectors and 
Pipe Locators 
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The design is described as eliminating 
all need for interior screws, and makes 
possible the assembly of all working 
parts as a complete unit before instal- 
lation in the meter case. 





A new bulletin describing the Empire 
Victory Meter has been published and 
copies may be obtained by writing to 
the Pittsburgh Equitable Meter (po. 
400 N. Lexington Ave., Pittsburgh, Pa. 


Line Traveling Pipe Coating and Wrapping Machine 











— 








“Bitumastic Bulletin” 
contained a description of Wailes- 


A recent 


Dove-Hermiston’s interesting new 
line—traveling pipe coating and 
wrapping machine. This machine ‘ac- 
tually rides on the pipe while apply- 
ing the molten protective coal tar 
enamel. It travels up and down hill 
and around bends with the same 
ease as it does on the level. 

This machine was designed with 
the objective of precision coating of 
uniformity and minimum waste of 
materials. Its performance repre- 
sents several new ideas in pipe line 
coating technique. 

The machine consists essentially 
of a sump tank into which the hot 
coating material is pumped from a 
heating kettle. This material is then 


pumped up into a ring which sur- 
rounds the pipe at a clearance of 
several inches. The coating is flooded 
under pressure upon the pipe through 
many holes located on the inner face 
of the ring. The coating flows over 
the entire surface of the pipe in a 
plane at right angles to the center 
line of the pipe, the excess material 
falling back into the sump. Simul- 
taneously, the coated pipe is spirally 
wrapped. 

The machine is propelled by a gas- 
oline engine. An interesting feature 
of the machine is its ability to apply 
a double coating of enamel on the 
underside of the pipe and part way 
up each side. The remainder of the 
pipe is coated with marked uniform- 
ity and economy of coating materials. 














60 WALL TOWER 





Consultants 








INCINERATION ENGINEERS 


NICHOLS ENGINEERING & 
RESEARCH CORPORATION 
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“Micromet” 


A New Product for Scale Prevention 
and Corrosion Control in Small 
Water Systems 
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e A new product, Micromet, designed 
to prevent scale, eliminate “red water” eRe aS Ley a 
and control corrosion in household q Po : sve Fe 
water systems, air conditioning units | 
and in small systems generally is being 
offered by Calgon, Inc. of Pittsburgh, 
Pa. On a developmental basis this 
product has already been in use for 
a year or more. 
The use of glassy phosphates in 
municipal water and industrial cool- 
ing systems to prevent scale forma- 


CLEANING 
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tion from hard, high-bicarbonate water, a 
“red water” caused by precipitation of 2 : iz CHEMICALS } 
dissolved iron from well water and to ea —_ A 


control corrosion induced by soft,.cor- 
rosive water, has been well established 
for some time. These problems, how- 
ever, are not confined to large water 
systems. Serious troubles develop in 
hot-water heater coils, tanks and lines ry Py ° 

in millions of private homes and small Each ws nN the picture of 
buildings, as well as in air-condition- 

ing units and mechanical dish, bottle 
and can washing equipment. To meet D A R ( 0 P U R I F I C AT i 0 N 
the need for a slowly soluble phosphate 

glass that could be readily administered 
continuously in the minute quantities 
required in the treatment of small sys- 














With 20 years’ experience in making activated carbons of 


tems, Micromet was developed. all kinds—for many types of purification—Darco is in a 
Micromet is a glassy sodium phos- position to give waterworks men real help in removing 

phate, made of food-grade material to tastes and odors. 

a closely controlled composition, and 

carefully crushed and sized. When Performance tests prove that Hydrodarco delivers max- 

placed in cold water it dissolves st the imum palatability control per dollar. When you buy 

rate of 25 per cent per month. The - 

usual feed necessary to correct scale, Hydrodarco, you may pay a little more — but you get a 

corrosion and “red water” troubles is lot more in carbon performance. 

only 5 parts per million of water, or 

1 pound to each 24,000 gallons of 

water. As the average small home uses Join the alert waterworks men who have 

approximately 6,000 gallons per month, found that a small difference in price per 

a feed of only 4 ounces of Micromet - 

per month is required. pound may mean a large difference in 


Micromet is fed into water lines odor-removal efficiency. We will be glad 


by means of a simple pot-type feeder ° . 
SNibliedie tale si’ stead ao to send you complete details, along with 


vanized or black iron pipe by the local a sample of Hydrodarco. 
plumber to conform to the require- 
ments of the individual system. Micro- 
met will be distributed in units of 1, HYDRODARCO 
1% and 5 pounds and to all those con- 
cerned with problems of scale preven- 





tion and corrosion control it offers ATTEND THE CONVENTION 
much because of the simplicity and ys “ee HYDRODARCO 
economy of installation and treatment, Chicago, Illinois — June 21-25 Reg. U. S. Pat. Off. 


and its effectiveness. 


Calgon, Inc. has produced a 12-page 
booklet which gives detailed informa- 
tion on Micromet installation and treat- 
ment for the correction of scale, cor- 
rosion and “red water” in a variety of 
specific cases where these troubles are 


encountered. Requests for a copy should 


be directed to Calgon, Inc., 323 Fourth ) A a C O R P O R AT I O N 


Ave., Pittsburgh, Pa. =. .> 
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60 East 42nd Street, New York, N. Y. 
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New Chemical Proportioning 
Control Unit by Graver 


e The Graver Chemical Proportioner 
is a new unit for regulating the feed- 
ing of chemicals in proportion to the 
volume of water, sewage, etc., being 
treated, providing an accuracy of pro- 
portioning within 2 per cent under all 
conditions. 


Any standard type of flow measur- 
ing device such as venturi, orifice, pro- 
peller, or disc water type meter, which 
can be equipped with a contactor, may 
be used to operate this Proportion- 
er. The impulse set up by the con- 


tactor is transmitted electrically to 
the Graver Proportioner which is set 
into motion and lowers the swing pipe 
or skimmer into the chemical solution 
in the tank, thus providing feed of 
chemicals in proportion to the flow of 
water through the flow measuring de- 
vice which may be located remotely 
or nearby. 

The Graver Proportioner consists of 
a standard make timer, relays, motor, 
reduction gear, and cable drum; all 
completely assembled in a control box 
which can be conveniently mounted on 
the shell of the chemical mixing tank. 
The timer used is of a variable type 
and is designed to operate the motor 




































with Keilly Primer and Pipe Enamel 


@ Gas, oil and water lines coated with REILLY 
Primer and Pipe Enamel are lastingly pro- 
tected under all conditions of soil and climate. 





























17 PLANTS 


to Serve 
the Nation 


REILLY TAR & 


» FF ic 


75 DAMEN AVENUE, CHICAGO, ILLINOIS 


l L 


500 FIFTH AVENUE, NEW YORK, N. ¥ 
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RerL_ty Enamel bonds firmly to the metal, 
providing a smooth, tough coating that effec- 
tually resists abrasion and soil stress, with- 
stands extremes of temperature, and prevents 
corrosion caused by moisture, electrolysis, 
soil acids and alkalis . . . On the inside of 
water mains and conduits the smooth, 
mirror-like REILxy lining prevents incrusta- 
tions and tuberculation and assures perma- 
nent full-capacity flow . . . REILLY coal tar 
paints give equally effective and economical 
protection to tanks, stacks, structural steel 
and all metal exposed to atmosphere, corro- 
sive vapors and gases .. . Booklet describing 
REILLY protective coatings sent on request. 


CHEMICAL CORPORATION 


ST LOUIS PARK. MINNEAPOLIS 


T O 





























drive of the proportioner for a prede- 
termined length of time for each im- 
pulse received from the meter con- 
tactor. By simply adjusting the varia- 
tor, which is part of the timer, the 
quantity of chemical fed is changed, 

The drum on the Graver Propor- 
tioner, used for the lowering of the 
swing pipe or skimmer into the chemical] 
feeder, is on the outside of the control 
box where it is readily accessible for 
attaching of the lowering cable and for 
the rewinding of the cable after the 
swing pipe or skimmer has been low- 
ered to its maximum depth. The cir- 
cular indicator is graduated to indicate 
the percentage of available chemical 
remaining in the chemical feeding tank. 
The Proportioner is also provided with 
a manual control, making it possible 
to cperate the feeder manually in the 
event of the failure of the meter con- 
tactor, and also an external manual 
control, whereby the swing pipe may 
be lowered into the chemical feeding 
tank, in the event of electric current 
failure. Through an electrical contact 
a signal is given when the charge of 
solution within the tank is exhausted. 


The contactor provided for the flow 
measuring device is designed to make 
a contact for any predetermined 
amount of water passing through the 
meter. The impulse from this meter 
contactor is transmitted through the 
relays to a small motor, which is con- 
trolled by the timer. The relays are 
so interlocked that in the event the 
meter stops, with the contactor closed, 
the proportionate equipment ceases to 
operate. 


The proportioner is usually attached 
to the side of the chemical feeding 
tank. The meter containing the con- 
tactor, however, may be located at any 
Cistance from the chemical tank and 
proportioner. 


Although the new unit was designed 
especially for attaching to Graver 
Chemical Mixing Tanks, it adapts it- 
self to general use whenever a swing 
pipe can be installed in a solution tank. 

A new Bulletin (No. 310) presents 
the new Proportioner in greater detail. 
For a copy write Graver Tank & Mfg. 
Co., 5008 Tod Ave., East Chicago, In- 
diana. 














New Special Duty Pump 
Units Developed for Small 
Plants and Towns 











Engine-Driven 
Pump. 


F.M. Approved Fire 


New 


e Dangers of incendiary bombs has 
brought to home owners, factory mana- 
gers and municipal officials alike the 
importance of ever-ready pumping 
equipment in case of fire. 

Recently developed fire pumping 
units by Fairbanks-Morse now afford 
small plants and towns adequate fire 
protection at a moderate cost. In the 
past small plants and municipalities 
have found that standard pumping sta- 
tion equipment has been too expensive 
and too complicated for their means 
and needs. 

One of these new Fairbanks-Morse 
Pumping Units, approved by the Un- 
derwriters Laboratories was recently 
installed in Delavan, Wisc. It is com- 
posed of a four-inch Figure 5813 F-M 
Fire Pump driven by a Ford-Mercury 
Engine. The Mercury Engine drive, 
turning at 2500 RPM, is of sufficient 
speed to be direct connected, eliminat- 
ing the expense of gear drive neces- 
sitated when a slow speed engine is 
connected to a high speed pump. This 
simplicity represents a great saving 
in installation and maintenance costs 
over regular fire pump units. As an 
added advantage, there are _ service 
stations with stocks of replacement 
parts for the Ford engine in practi- 
cally every village in the country. 


Portable Pumping Units 














New 


F.M. Portable Pumping Unit. 


In response to considerable demand, 
Fairbanks-Morse has also developed a 
portable pumping unit which may be 


adapted to a variety of service, mu- 
nicipal and otherwise. 

A good example of this type of unit 
was recently assembled for Waverly, 
Ohio. A 2-inch non-clogging F-M 
sludge pump was direct connected to 
a 3 HP F-M splash-proof motor and 
mounted on a_ standard warehouse 
truck with 8-inch rubber-tired wheels. 

The pump is primed by means of 
a hand-operated bracket-type pump 
mounted on a truck platform with its 
suction connected to the top of the 
volute through a %-inch pipe line 
equipped with a shut off valve. The 
sludge is picked up through a length 
of 2%-inch wire-lined rubber suction 
hose and discharged through a length 
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of 2%-inch collapsible cotton fabric 
hose. 

The discharge hose is fitted with a 
gate valve to control the head under 
high suction lift conditions and to seal 
the discharge of the pump during 
priming operations. 

Such a unit—which can be used with 
other F-M pumps as well as with the 
sludge pump—meets a variety of needs. 
On construction projects, at any place 
where temporary drainage is neces- 
sary, and for any number of other 
tasks where a portable pump is fe- 
quired this compact unit seems ideal. 

For further details write Fairbanks, 
Morse & Co., 600 South Michigan Ave., 
Chicago, II]. 
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"“G & D” Electro-Titrator 
Made in U. S. A. 


Leitz 














“G & D’“ELECTRO-TITRATOR 


ii A universal Electro-Titrator 
| highly stable and sensitive voltmeter 
circuit designed by Dr. R. L. Garman 
and Dr. M. E. Droz for determinations 
of end-points in electrometric neutralli- 
» zation titrations (including pH determi- 


and precipitation titrations. 


Some of its outstanding 


Pamphlet No. 1283 Upon Request 


E. LEITZ, INC. 


730 Fifth Ave., New York, N. Y. 
Branch Offices: Chicago, Washington, D. C. 





using a 


oxidation-reduction titrations, 


advantages are: 


Variable sensitivity up to a 
maximum of 40 millivolts per 
inch of needle deflection; 


Battery operated with a pow- 
er consumption of as little as 
0.25 watt; fluctuations in the 
power supply are completely 
eliminated; 


Variable speed of the stirring 
motor; 


A clearly visible meter with 
a scale, 3%" long, permits 
continuous reading of the 
voltage changes throughout 
the entire progress of the 
titration. 
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“Never have so many, owed 
so much, to so few!” 


That brilliant statement made by Britain's 
Winston Churchill can be applied to a 
case in our own country. 


Today, millions of soldiers, sailors and 
marines are being supplied with an abun- 
dance of safe water from Layne built 
Well Water Systems. The Armed Forces 
can thank less than two thousand Layne 
Organization employees. In an amazingly 
short period of time, they undertook—and 
completed on time—the most gigantic 
Well Water System building task ever 
accomplished in this, or in any other 
country. These widely experienced men 
located water bearing sands, drilled wells 
in almost every type of earth formation 
and set tons of casing. Furthermore they 
built the pumps, made installations and 
placed their water systems in operation— 
producing hundreds of millions of gallons 
of water daily. 


Such outstanding service, performed 
without delay or failure, has created a 
brilliant chapter in the long and successful 
career of the Layne Organization. No 
greater commendation for ability, speed 
and efficiency could be offered. 


LAYNE & BOWLER. INC. 
Memphis, Tenn. 


Layne-Arkansas Company 

Layne-Atlantic Company 

Layne-Bowler New ngiand Corp. Boston, , ax 
Me is, Tenn, 


Layne-Louisiana Company ......cake Charies, La. 
Louisiana Well Company 

Layne-New York Company 

Layne-Northwest Company 

Layne-Ohio Company 

Layne-Texas Company 

Layne-Western Comepeny Kansas City, Mo. 
Layne-Western Co. of Minn.....Minneapolis, Minn, 
international Water Supply. Ltd...London, Ont. 
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Rubber Jointing Material 
Still Available 


And Now Offered in Improved 
Form 


@ It almost sounds like a “Believe-it- 
or-Not” story, but announcement has 
been received of the continued avail- 
ability to the water works field of 
“Flexo-Pac” rubber joint packing, and 
in improved form. 














The new wedge shaped “Flexo-Pac”’, 
as well as the tubular shape, is now 
being offered, (apparently without re- 
strictions) in four separate sizes to 
cover the entire range of B&S pipes 
down to 2 inch diameter and up to the 
largest sizes produced. 

The wedge shaped product now has 
one side flat—the side that is placed 
next to the spigot end of the pipe. 
It comes with a hole through it to 
facilitate the making of ‘“Flexo-Pac” 
rings, if the user perfers rings to the 
overlap method of installing this rub- 
ber “yarn”. The same is true of the 
tubular shape, the rings being made by 
cutting the material to scant pipe cir- 
cumference lengths and joining the two 
ends by inserting a 2%” length of 
ordinary No. 9 wire in the hole in one 
end and pushing the other end onto this 
soft wire “coupling”. These rings, 
which take less material than does the 
overlap method of yarning, are slipped 
over the spigot end of the pipe which 
is then centered in the bell and shoved 
home. The ring is then driven up 
against the bead with a blunt yarning 
iron. 

Both shapes, in the four sizes of each, 
are now put out in coils of 125 ft. to 
200 ft. lengths, similar to coils of 
braded hemp. It is claimed that the 
cost per joint for this sanitary pioneer 
rubber packing is practically the same 
as for the ordinary braided jute. 

For more information in detail, and 
listed prices, request the new “Flexo- 
Pac” bulletin, FP.-142, from The Eclat 
Rubber Co., Akron, Ohio. 
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OPPERSETTER 


A complete meter mounting, 
all brass and copper, for serv- 
ice lines of moderate depth, 


The COPPERSETTER replaces 
meter couplings, valve, risers 
and ells. It saves the making 
of joints. Installed as a unit, 
it requires no meter blank or 
measuring to leave the proper 
space for meter, 


There is nothing to rust out on 
the COPPERSETTER. It cuts 
down pressure loss, assuring 
full flow through the meter. 
Meter changes are easy and 
trouble-free as the removal of 
the meter leaves the service 
Pipe on inlet and outlet phys- 
ically connected and held in 


line, the electrical bond un- 
broken. 


COPPERSETTERS are made in 
heights from 6” to 36”, with 
and without valve, for connect- 
ing to iron or copper pipe. 
Learn more about these mod- 
ern fittings. 


Send a postal card for our 
catalog. No obligation. 


FORO 


METER BOX 
of 0 


WABASH, 
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WITH THE 
MANUFACTURERS 





Two Important Manufactur- 
ers Cooperate in Insuring 
Water Service Pipe and 
Fittings for Users 


e A noteworthy development, repre- 
senting some careful planning and fore- 
sightedness on the part of two impor- 
tant manufacturers to alleviate short- 
ages in water pipe and connections, has 
come to our attention. What has been 
accomplished deserves commendation 
when one realizes that this is not the 
time when business is so poor that these 
large companies were pushed into the 
job that was undertaken. 


American Smelting’s Type K, “Tube- 
Loy” tubing has been increasingly 
used as a water service pipe. And, its 
presence in the market, during these 
dificult times, has, in many instances, 
solved the problems of contractors, 
water works superintendents, city engi- 
neers, and others. This product, in- 
stalled most widely with the use of 
ordinary copper compression fittings, 
was somewhat endangered by the fact 
that there were indications that even 
these copper fittings would become un- 
available. 

American Smelting and Refining Co., 
in conjunction with the Grinnell Co., of 
Providence, R. I., immediately worked 
together to develop a special “Tube- 
Loy Fitting,” made from galvanized 
malleable iron, which would be per- 
fectly suitable for permanent use, and 
also improve the design of connections 
previously used. These fittings are 
now being manufactured and are avail- 
able for use with Type K “Tube-Loy.” 


These two companies, working co- 
operatively, have seen to it that water 
service pipe for use from main to 
meter, together with an excellent fitting 
for its proper installation, will continue 
to be available to those who have need 
for such mediums. 


Looking at the situation as it exists 
we are of the opinion that this is the 
sort of will to do that is to win this 
war. 


Worthington-Gamon Elects 
Officers 


@ Harry C. Beaver has been elected 
president of Worthington-Gamon Meter 
Co., as successor to the late E. T. Fish- 
wick. Mr. Beaver is also president of 
the Worthington Pump and Machinery 
Corp. 

R. R. Anderson, treasurer and man- 
eger of Worthington-Gamon Meter 
Co., has been elected vice president and 
director, as well as retaining his of- 
fice as treasurer. 








Permanent ... . 
REDWOOD PIP 


Saves critical materials! 
Long known as a pipe 


with greater carrying capacity than metal or concrete. 


Does not clog, scale or pit. 


Since 1855. 





Lower labor, installa- 
tion and maintenance costs. Long 
life, no electrolysis, contamina- 
tion of water, or destruction by 
sulphur, salt water or other min- 


eral 
Wyckoff 


A. Wyckoff & Son Company 


ELMIRA, N. Y. 


impurities. 


New 
California 


Originators of Machine Made Wood Pipe 
1855 — Our 87th Anniversary — 1942 
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type 


Redwood 
Pipe for water supply and sew- 
age lines is a proven product. 























7% THE NATIONAL METHOD « 


DEFENSE 
DEMANDS 


FULL CAPACITY MAINS 


Many cities that now find their water 
supply resources sadly overtaxed by the ad- 
ditional de- 
fense industries and nearby army training 
camps, are turning to the NATIONAL 
METHOD of water main cleaning as an 
economical means of improving water service. 


Cleaning by THE NATIONAL METHOD 
restores clogged mains to at least 95% of 
their original carrying capacity, making un- 
necessary large expenditures for auxiliary 
pipe lines, increased power at the pumps, 
new standpipes, etc. 


thousands of water users in 


Before Cleaning 


After Cleaning 


The National Water Main Cleaning Co. 


30 Church St Branches 


115 Peterboro St., Boston, Mass 
910 William-Oliver Bidg., Atlanta, Ga 
7103 Dale Ave., St. Louis, Mo 

3812 Castellar St., Omaha, Neb 


501 Howard St 
2028 Union Ave 


406 Fla. Theatre Bldg 
205 W. Wacker Dr 


New York 
Jacksonville, Fla 
Chicago. Ill 
San Francisco, Calif 
Montreal. Can 


OVER 35 YEARS EXPERIENCE 


%S6 AXOLSAY OL GAILINVAVND * 


+ ALIDVdVD IVNIDIXO 
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WASTE 
Ga 5 
BURNERS 


ASSURE | 
SAFETY) 


Scientifically designed with adjustable air in- 
take in the mixing chamber, "VAREC" ap- 
proved Waste Gas Burners have found wide 
usage whenever disposal of surplus sewage gas 
presents a problem. The long, heavy cast iron 
stack insures proper draft and complete 
combustion. 


“VAREC” 


approved 


PRESSURE RELIEF 
with 
VACUUM 
BREAKER 
VALVE 
and 
FLAME 
ARRESTER 


Installed on digester and gas holder domes, 
it affords emergency pressure and vacuum 
relief. Stops flame propagation. Equipped 
with noncorrosive telescopic flame arresting 
element for easy inspection and maintenance. 





Fig. No. 236 





Fig. No. 58C 








Other “VAREC” Products 


Flame Trap Assemblies © Pressure 
Relief and Vacuum Breaker Valves 
® Flame Arresters © Flame Checks 
® Regulators ® Check Valves ® Drip 
Traps © Manometers ® Explosion 
Relief Valves © Manhole Covers ® 
Sample Hatches. 




















The Vapor Recovery Systems Company 


Compton - - California 
Branch Offices—Stocks suaiiee at New York City 
Houston, Texas — Tulsa, Oklahoma 


Agencies Everywhere 
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R. F. Bergmann Becomes 
Link-Belt Chief Engineer 


@ Announcement 
is made by Link- 
Belt Company that 
Richard F. Berg- 
mann has been ap- 
pointed Chief En- 
gineer for the com- 
pany, with office at 
executive 
headquarters 
in Chicago. 

Mr. William W. 
Sayers, has been 
with the company for 39 years and 
Chief Engineer since 1925, has been 
appointed Consulting Engineer. In this 
newly created position he will continue 
to deal with patent matters and be 
available for consultation. 

Mr. Bergmann was assistant to Mr. 
Sayers from 1933 to 1936, when he re- 
signed to become chief engineer of 
Rayon Machinery Corp., Cleveland, 
Ohio, from which position he now re- 
turns to Link-Belt. He is a native of 
Logansport, Ind., and was graduated 
from Rose Polytechnic Institute at 
Terre Haute, Ind. in 1918, and joined 
Howe Chain Co., Muskegon, Mich. 


R. F. Bergmann 


New Leak Detection Main 
and Valve Box Locating 
Service 


e S. F. Ferguson, long identified with 
the line of Universal Water Leak De- 
tectors and Pipe Locators, is*offering a 
specialized leak survey and main or 
valve locating service of particular in- 
terest at this time when extra water 
and pressure demands must be met, 
water must be conserved and accurate 
knowledge of valve location was never 
more important. 

Mr. Ferguson, has fully equipped a 
special car with a complete lot of in- 
struments and apparatus for leak de- 
tection and spotting and valve and main 
location surveys. This car is used to 
give rush service and in answering em- 
ergency calls. The availability of this 
service to the smaller towns is of 
especial interest. 

Mr. Ferguson has established head- 
quarters in the Douglas Hotel Bldg., 
Newark, N. J. and in addition to offer- 
ing the new survey service is eastern 
distributor for the “Universal” line of 
Leak Detectors and Pipe Locators. 





Navy “E” Awarded De Laval 
Co. 


e In a letter announcing the award of 
the Navy “E” to the De Laval Steam 
Turbine Co., Trenton, New Jersey, 
Secretary of the Navy Knox congratu- 
lates the workers and management up- 
on their significant contribution in pro- 
duction toward winning the war. The 
plant will be authorized to fly the 
prized Navy “E” pennant and em- 
ployees will be privileged to wear the 
Navy “E” lapel insignia. 











WATER 
TREATING 
EQUIPMENT 


Gravity and Pressure 
Filters, Softeners, Re- 
carbonators, Chemical 
Diffusers, Cooling Tow- 
ers, Standard and Spe- 
cial Equipment for any 


Water Treating Problem 


MUNICIPAL SERVICE CO. 


Dwight Bldg., Kansas City, Mo. 

















ataadqate 


|DYe} the) (ae rs redirse 
Check Valve 


This valve is for use in connection with 
remote tank storage service with valve 
located adjacent to motor centrifugal. 
pump, also where a high-low pressure or 
float-operated switch located at tank is 
wired to the valve in order to accomplish 
complete automatic sequence of operation 
for starting and stopping the pump with 
respect to storage water levels. 





Sizes 3" to 36'', angle and globe patterns. 


Write for specifications. 





GOLDEN-ANDERSON 
VALVE SPECIALTY CO. 
Pittsburgh, Pa. 
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Neptune Loses Veteran 
Service Manager 


e@ Andrew C. Koopman, long time 
manager of the Service Department of 
Neptune Water Co. collapsed in his 
office of the Long Island City factory 
on May 15th and died shortly after in 
a hospital. 

Mr. Koopman had been connected 
with Neptune for the past 34 years and 
in the Service Department for 24 years 
of this time. He was one of Neptune’s 
most valued veteran employees. 


Omega in New Offices 


e Omega Machine Co. of Kansas City, 
Mo., manufacturers of chemical feed 
equipment, this month moved into their 
new and more spacious office and fac- 
tory building. The new address of 
Omega is 3409 E. 18th St. Telephone 
Benton 2602 and 2603. 


Dr. Lewis Miller Joins 
Betz Staff 


e Dr. Lewis B. Miller has joined the 
consulting staff of W. H. and L. D. 
Betz, Chemical Engineers, Philadelphia, 
Pa. Dr. Miller was graduated from the 
State University of Iowa with a Bache- 
lor’s and Master’s degree and received 
his Doctorate from Cclumbia Univer- 
sity. He has been engaged in research 
on problems relating to water purifi- 
cation and sewage disposal and is the 
author of 35 papers, most of which deal 
with industrial process water problems. 
He is a member of committee D-19 of 
A. S. T. M. and Chairman of the water 
committee of T. A. P. P. I. 

In the muncipal water supply field 
Dr. Miller will be remembered for his 
early studies of the chemistry and be- 
havior of precipitates (floc) from alu- 
minimum salts, in which was proven 
the value of the bi-valent sulphate ion 
(SO,) over the mono-valent ions in co- 
agulation with aluminum salts. 


Foxboro Employees Observe 
25-Year Milestone 


Employees of The Foxboro Company 
who have completed 25 years or more 
in its service were guests of the Com- 
pany at a celebration, held at the Main 
Office, Foxboro, Mass., on the evening 
of May 26th. A jeweled service pin of 
gold was presented to each of the 50 
men and women thus honored, and a 
program of entertainment,  supple- 
mented by the reminiscences of old- 
timers, made the occasion an enjoyable 
one. 

Almost another 50 employees have 
service records which are within a few 
months of the quarter-century mark; 
and it is therefore assured that similar 
celebrations will be held annually, here- 
after, to welcome new members as 
they qualify. 

The Foxboro Company, makers of 
instruments for process measurement 
and control, was organized in 1908 as 
the Industrial Instrument Company, 
but adopted its present name in 1912. 
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“R-C” Vacuum Pump in- 
stalled on filters for de- 
watering sludge, produc- 
ing 20 inches of mercury 
vacuum. 





“R-C” Vacuum Pumps used 
for priming Centrifugal Pumps 
at a Colorado water works. 


Improved Moderate Speed 


VACUUM PUMPS 


National survival calls for the CREAM of in- 
dustrial equipment to shoulder the burden of 
production. 


“Superior performance” 
characteristic of Roots-Connersville Blowers 
and Vacuum Pumps, based on sound engi- 
neering and built-in ruggedness that keep 
them dependable and efficient—even under 
today’s non-stop, 
quirements. 

Since National survival comes FIRST, the co- 
operation of our customers is earnestly re- 
quested when their orders cannot be handled 


ROOTS-CONNERSVILLE BLOWER CORPORATION 
Connersville, Indiana 


206 Mount Avenue 




































has long been a 


peak-plus production re- 


promptly as in normal times. 





Yelp 
Materials 
Cement 


View showing 
Tate Process 
in Pipe Joint. 
Note thor- 
oughness of 
Lining. 





With the increase in demand for 
Critical Materials in the Water 
Works field now is the time to inves- 
tigate the Tate Cement Lining proc- 
ess—and see what it can do to restore 
the efficiency of your old water 
mains. 


Write for 


TALE PIPE 2 


ANDOVE 

































Gave Critical 


investigate TATE 
Lining Process 


THE TATE PROCESS 
ACCOMPLISHES 


1. Water mains cleaned and cement- 
lined without removing pipe. 


2. Eliminates discoloration and fur- 
ther cleaning costs. 


3. Reduces pumping costs. 


4. Restores reduction in head and 
flow co-efficients. This means full 
fire protection and lowered insur- 
ance rates. 


5. All joints cement-lined ... just 


one continuous pipe. 


6. Does the job without interruption 
of service to consumer. 


Literature 


ININGS, 


R, MASS 


Inc. 
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Immediate veer 


ON 


STEEL, TONCAN IRON 
AND WROUGHT IRON 


Cement Lined 
Service Pipe 





CEMENT LINED PIPE CO. 


Lynn, Mass. 














THE WATER SUPPLY that 
pleases nose and palate is an 
important contribution to 
community health — people 
drink more of it. 


ESOTOO* is the answer to a 
simple, sure and more eco- 
nomical method of control- 
ling residual chlorine — es- 
pecially in ‘*break-point’’ 
chlorination. 


ESOTOO* is the Ideal De- 


Chlorinator. 


Write for bulletin which describes 
the “‘Virginia Method”’ of applying 
Liquid Sulfur Dioxide for De- 


chlorination. 
*ESOTOO is ‘‘Virginia’s’’ Trade 
Name for Liquid Sulfur Dioxide. 


VIRGINIA 
SMELTING CO. 


Pa WEST NORFOLK, VIRGINIA 
















| LITERATURE AND 
‘CATALOGS 


| 


| “Protection and Maintenance of 


| Water Supplies Under War Condi- 


| tions” is the title of Sanitary En- 





gineering Bulletin No. 1 just issued 
by the U. S. Office of Civilian De- 
fense for nation-wide distribution. 
This 40-page document has been 
compiled as a guide for water sup- 
ply authorities (and others con- 
cerned) in planning protection of 
water systems in advance and res- 
toration of water service should 
bombing or sabotage occur. 


The bulletin discusses at some 
length the legality and operation of 
the Mutual Aid Plan, as set up in 
several states for the purpose of co- 
operative aid and supplying of 
water works materials and assis 
tance between neighbor communi- 
ties in emergencies. It outlines the 
duties of State and Zone Water Co- 
ordinators and the organizing and 
development of Mutual Aid Plans 
within zones; the Central Inventory 
method of ascertaining sources of 
materials and equipment in each 
zone; outlines expansion and train- 
ing programs for emergency; dis- 
cusses the setting up of Emergency 
Region Depots and “The Water 


| Works Organization in Relationship 


to the Defense Organization” as a 


| whole. A number of organization 


charts are reproduced to indicate 
“who’s who” and how every utility 
and public service fits into neces- 
sary actions in and following an air 
raid or other disaster. The appendix 
contains suggested advice and in- 
formation to distribute among 
water consumers which is “Ten 


| Home Water Supply Precautions.” 
|A procedure for main sterilization 
is also given. For copies of Sanitary 
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Complete Sewer 







Cleaning Equipment 






Before you clean your sewers, don't fail to 


investigate our equipment. We supply a com- 





plete line of sewer cleaning apparatus—-ma- 






chines, sewer rods, cleaning tools. Machines 





may be purchased or leased. 










Sewer rods and hand tools sent on free trial. 


Vanufacturing Sewer Cleaning Equipment 
Since 1901 


Write for Catalog 
\\ (aes Pa A 


Box 541 
Jacksonville, Fla. 


The ideal coagulant 


for 


Water Treatment 
Sewage Treatment 


and 


Sludge Conditioning 
FERRI-FLOC for water and sew. 
age treatment. Results show large 


savings in cost of coagulation. 
Widely used to condition sludge. 


Write today for literature. 








> Tennessee Corperation( 





PREPARE FOR 
EMERGENCIES WITH 


VALVES 


HYDRANTS 
AND WATERWORKS ACCESSORIES 


M & H products, including pipe 
line accessories, are well known 
for high quality of material and 
expert workmanship. They are 
made according to standard spe- 
cifications and have been used 
for many years throughout the 
country. Write for Catalog 
No. 34. 








M&H VALVE 


AND FITTINGS COMPANY 


ANNISTON, ALABAMA 
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Engineering Bul. No. 1 write el 
U.S. Office of Civilian Defense, | 
Washington, D. C. (Your State Sani-| 
tary Engineer may be able to supply | 
copies also. ) 


“Transite” Pipe in War Damage | 
and Emergency Repairs is a Johns- 
Manville publication of 92 pages ex- 
pressly produced to inform Transite 
pipe users of the most effective and 
rapid method of repairing (tempo- 
rarily and permanently) damage to 
mains of ‘“Transite.” Likewise, 
however, the methods are applica- 
ble to the repair of damage to 
metallic mains in which the ease of 
cutting and handling of the light 
weight “Transite” pipes and coup- 
lings prove advantageous in emer 
gency operations. Several methods 
of preparing for possible damage 
to mains, and of making each re- 
pair, are outlined in order that the 
scheme and materials most suitable 
for the individual situation may be 
employed. 


In the fore part of the book is a 
collection of pictures showing 
actual European experiences with 
destruction of mains and sewers 
and evidence is presented that the 
flexible “Transite” jointing, subject 
to give and take, were responsible 
for the sparce damage to the 
asbestos-cement pipe lines when 
more was to be expected from the 
nearby bomb hits. 


Typical bomb damage to mains 
are sketched from observed happen- 
ings, and a plat shows the distribu- 
tion of bomb hits on a system. Then 
follows many detailed pages of 
methods available for making re- 
pairs, installing temporary lines, 
etc. A copy of “Transite Pipe Re- 
pairs for War Damage” may be ob- 
tained from any Johns-Manville 
office or at headquarters, 28 East 
40th St., New York City. 


“Taste and Odor Control,” pub- 
lished by the producers of “Nu- 
char”-activated carbon, makes its 
reappearance in thickened, revised 
form—a booklet of 92 pages of in- 
formation assembled as an aid and 
service to those faced with taste 
and odor problems in water supply, 
and desirous of doing something to 
correct such conditions rather than 
combine to explain it away by 
placing the blame on “Little Algy,” 
or on upstream industry. 


Not alone does the new compen- 
dium of information deal with ap- 
plication of carbon for correction 
but also contains chapters on such 
methods as “Super-Chlorination,” 
“Chloramination,” “Ozonation” and 
“Permanganization.” An interesting 
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Which Primary Element? 


VENTURI TUBE, FLUME, WEIR, 
ORIFICE, OR NOZZLE 





























The primary element for your metering applica- 
tion should be selected not arbitrarily but by the 
requirements to be fulfilled and by the economic 
considerations entering into the installation. 


Sewage and sludge are often, though not always, 
measured by Venturi Tubes, Flumes, or Weirs. 


Water may be satisfactorily measured by any 
type of primary element. Factors such as the 
cost of pumping, the pressure and the size of 
pipe or channel usually dictate the device used. 


Steam is usually measured by the Bailey Orifice 
or Flow Nozzle. 

Bailey Meter Company holds no brief for any 
particular primary element, its only interest is 
in making sure that the user secures the highest 
accuracy and reliability at the lowest expense. 


Detailed information on the advantages of various types 
of primary elements furnished on request. 
MU-18 


BAILEY METER COMPANY 
1072 IVANHOE RD., CLEVELAND, O. 


Bailey Meter Company Limited, Montreal, Canada 


















































lead-off chapter contains a con- 


























THE Phluipps & Bird LABORATORY 


i ®, @ Oe i ae 


IS the important 
Works Lab 


PHIPPS & BIRD, INC. 
RICHMOND, VA. 
“SOUTHERN CENTER FOR LABORATORY APPARATUS AND CHEMICALS" 
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WATERPLUG 


1. For control of water pressure when 
running or seeping through cracks 
and other defects in masonry. 


2. For caulking and sealing around 
pipes or other appliances which 
pierce masonry walls of tanks, sludge 
basins or foundations. 


3. WATERPLUG is prepared ready for 
use by the addition of mixing water 
only. It hardens quickly and is 
permanent. 


4. WATERPLUG protects lead, cop- 
per, brass and other pipes, subject to 
corrosion from free alkali in cements. 


5. Troublesome water problems can be 
solved quickly and permanently. 


For free advice and methods of cor- 
rection, please address 


Standard Dry Wall Products, Ine. 
BOX X NEW EAGLE, PENNA. 




















ONE POUND does the work 
of four pounds of lead. Much 
easier to use than lead and 
requires no caulking. 





HYDRO-TITE joints are 
strong, very flexible 
and tight. 





Write for our 
free trial offer. 











HYDRAULIC DEVELOPMENT 
CORPORATION 


MAIN SALES OFFICE - 50 CHURCH STREET, 
NEW YORK 
GENERAL OFFICES AND WORKS - WEST 
MEDFORD STATION, BOSTON, MASS. 


OVER 25 YEARS WITHOUT A FAILURE 
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densed history of “Ancient and 
Modern Water Supplies” by W. W. 
Hassler of the University of Penna. 
Turre of Denver presents a worthy 
description of the common forms of 
algae, excellently illustrated, and 
revealing the odors and other diffi- 
culties created by the individual 
forms. The Bailey method of “Black 
Out Control,” in prevention of algae 
growth, represents one of the recent 
effective applications of carbon to 
cut off growth-promoting sunlight 
in open basins and reservoirs. Chap- 
ters deal with most effective points 
of carbon application and dosage 
selection, and the important matter 
of storage, handling and feeding 
“Taste and Odor Control” is a book- 
let that every water purification 
man should request, and read care- 
fully. For a copy write “Nuchar” 
Division, W. Va. Pulp and Paper 
Co., 230 Park Ave., New York. 


Foxboro “Rotax” Electric-Oper- 
ated Pumping and Chemical Feed 
Control is described and illustrated 
in their new bulletin, No. B-294. 
The major part of the text is de- 
voted to the varied uses of indicat- 
ing and recording controllers in 
water works and sewage engineer- 
ing. Efficient controls for altitude 
tanks, reservoirs, deep wells, and 
distribution flows are described in 
detail. Among the Foxboro instru- 
ments designed for use in water and 
sewage treatment plants are con- 
trollers for operating chemical feed- 
ers regulating the chemical dose in 
ratio to flow. The bulletin contains 
several schematic diagrams of typi- 
cal pumping installations, photo- 
graphs of equipment and specimen 
chart records. To obtain a copy of 
Bulletin B-294 address the Foxboro 
Company, Foxboro, Mass. 

A New Handbook on the Care 
of Motors has just been published 
by Allis Chalmers of Milwaukee. 
This “Guide to Wartime Care of 
Electric Motors” takes a fresh, new 

















GASKET AND FORM 
The Perfected Method for Making 
SEWER PIPE JOINTS OF CEMENT 


® No jute used—gasket centers spigot. 

® Definite space in each joint for ce- 
ment. 

© Form confines cement-grout to lower 
portion of joint. 

® Particularly advantageous 
bearing trenches. 

® Infiltration minimized. 


L. A. WESTON Adams, Mass. 


in water- 

































ELEVATED STEEL TANKS 


Our engineering cooperation in the 
preliminary studies of your needs, 
and complete construction estimates, 
will gladly be furnished on request 
—without obligation. Write for de. 
tailed, descriptive Bulletin No. 10), 


PITTSBURGH - 
STEEL COMPANY 


Pittsburgh, Pa 


Des Moines, la 








3418 Neville Isla: 
919 Tuttle Street 







DES MOINES 















INSTALLATIONS 


WORLD WIDE 



















Write for 


LARGEST 
CITY TO 
SMALLEST 
VILLAGE 













Catalogue and Information 


IOWA VALVE CO. 


General Offices: 









Hubbell Bldg., Des Moines, lowa 


Oskaloosa, lowa 


Plant: 
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slant at the subject of motor care 
ynder heavy load war conditions 
and scarcity of replacements. In ad- 
dition to its value to plant engineers 
and maintenance men it possesses 
particular value in training new 
men. The book is obtainable upon 
request to Allis-Chalmers, Milwau- 
kee, Wis. 


“How to Solve War-Time Drain. 
age Problems” is the caption on e 
timely folder recently published by 
the Armco Drainage Products As 
sociation, describing their new 
“emergency pipe” as a substitute 
for products requiring critical wai 
materials. The new drain pipe is 
constructed entirely of short 
lengths of wood assembled at the 
factory into light but sturdy octag 
onal-shaped pipe sections. Wood 
dowels are driven into drilled holes, 
thereby eliminating the use of nails. 
The pipe has ample strength to 
meet engineering standards, react- 
ing under a tamped fill in much the 
same manner as flexible metal pipe, 
and is recommended for essential 
culverts, storm sewers, underpasses, 
and conduits. The light weight ma- 
terial makes for easy handling and 
low installation costs. There is no 
field assembly except for the join- 
ing of long pipe sections, which can 
be done with unskilled labor. To ob- 


tain a copy cf the tolder write to/| 


Armco Drainage Products Associa- 
tion, Middletown, Ohio. 





BUY DEFENSE BONDS 


AND SAVINGS STAMPS 








Prevent wear and cutting of rods, plungers, 
shafts and valve stems by using 


MABBS RAWHIDE 
PACKING 


In Your Water Works and Sewage Plants 


IT LASTS LONGER —Is Anti-Frictional, 
Saves Power, Labor and Repairs. Will prove 
the cheapest packing that can be — 


Trade Mark Reg. U. S. Pat. Off. 


Mabbs Hydraulic Packing Co. 


Incorporated 1892 


431 S. Dearborn St., Chicago, U. S. A 
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84” pipe—Spring Lake, N. J. 












FLANGED PIPE 






FLEXIBLE JOINT PIPE 






BELL & SPIGOT PIPE 






SPECIAL CASTINGS 






SHORT BODY BELL & 






SPIGOT SPECIALS 













Large stock enables 
us to make prompt 
shipments. 



















—CAST IRON PIPE 


















SIZES 2” TO 84” 
Warren Foundry & Pipe Corp. 
11 Broadway, New York 
Warren Pipe Company of Mass., Inc. 


75 Federal St., Boston 















SPARLING 


Water Measuring Equipment 


Consistent Accuracy 
Ease of Installation 
and Maintenance 
a Pressure Loss 





Box 3277 Terminal Annex......... LOS ANGELES 
3104 Michigan Avenue ................ CHICAGO 
EN vaikiccccycesuieniseiesinsae CINCINNATI 
ee eee ery NEW YORK 

















EDSON’S NEW 
HAND PUMP 


Smallest Diaphragm 
Pump Made, 2” Suction 
Open Discharge. Capac- 
ity 1400 G.P.H. Weight 


50 Ibs. Size No. 1. 










THE 
EDSON CORP’N 
49 “D” Street 
So. Boston, Mass. 


NEW YORK: 142 Ash- 
land P1., Brooklyn 


Catalog “T’’ Gives Full Data, Also Edson 
Hand and Power Pumps, Suction Hose and 
Pump Accessories 







































_Down-Draft Type 
> MECHANICAL 
SEWAGE AERATORS 




























ATER TREAT 
MENT APPLICATION. 
VOGT MFG. CO. 
NCORPORATED 


P.O. Box1122 Louisville, Ky. 
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SPECIALIZING 
WATER WORKS & SEW! 





IN THE FIELD OF 
BASE 











Albright & Friel, Inc. 


Consulting Engineers 


Water, Sewerage, Industrial Waste, 
Garbage, Power Plant and Valuation 


Edward A. Fulton 
Consulting Engineer 


Investigations, Reports, Valuations, Design 
and Construction—Water Supply and Purifi- 
cation Plants, Sewerage and Sewage Treat- 
ment Works; Municipal Paving and Power 





Metcalf & Eddy 


Engineers 


Water, Sewage, Drainage, Garbage and 
Industrial Wastes Problems 








Alvord, Burdick & Howson 


Engineers 
John W. Alvord 
Charles B. Burdick 
Louis R. Howson 
Donald H. Maxwell 
Water Works, Water Purification, Flood Re- 
lief, Sewerage, Sewage Disposal, Drainage, 
Appraisals, Power Generation 


Civic Opera Building Chicago 


I. M. Glace 


Consulting Sanitary Engineer 


WATER SUPPLY AND PURIFICATION 
SEWAGE AND SEWAGE TREATMENT 


Specializing in Water Quality 


Problems 
Telephone 22nd and Market Sts. 
3-2939 Harrisburg, Pa. 


Problems. Developments. Laboratories Valuations 
1520 Locust St. 3 So. Meramac Ave. Statler Building 150 Broadway 

Philadelphia, Penn. St. Louis, Mo. Boston New York 
Reeves Newsom E. H. Aldrich 


Newsom & Aldrich 
Engineer-Consultants 


Water Supply, Purification 
and Distribution 
Sewerage and Sewage Disposal 
Valuation and Reports 


500 Fifth Ave. Telegraph Bldg. 
New York Harrisburg 








Black & Veatch 


Consulting Engineers 


4706 Broadway. Kansas City, Mo. 
Sewerage, Sewage Disposal, Water Supply, 
Water Purification, Electric Lighting, Power 
Plants, Valuations, Special Investigations, 

Reports and Laboratory Service 


E. B. Black N. T. Veatch, Jr. 

A. P. Learned H. F. Lutz 

F. M. Veatch R. E. Lawrence 
E. L. Filby 








Buck, Seifert and Jost 


Consulting Engineers 
(Formerly Nicholas S. Hill Associates) 


Water Supply, Sewage Disposal, Hydraulic 

Developments, Reports, Investigations, Valu- 

ations, Rates, Design Construction Opera- 

tion, Management, Chemical and Biological 
Laboratories. 


112 East 19th St. New York 








Burns & McDonnell 


Engineering Co. 
McDONNELL-SMITH-BALDWIN- 
TIMANUS-McDONNELL 
Consulting Engineers Since 1897 
Waterworks, Light and Power, Sewerage, 
Reports, Designs, Appraisals, 

Rate Investigations 
Kansas City, Mo., 107 West Linwood Blvd. 

Cincinnati, Ohio, 307 East Fourth St. 


Greeley and Hansen 
Engineers 
Samuel A. Greeley 

Paul E. Langdon Kenneth V. Hill 
Thomas M. Niles Samuel M. Clarke 
Water Supply, Water Purification, 
Sewerage, Sewage Treatment, Flood 
Control, Drainage, Refuse Disposal 

6 N. Michigan Ave., Chicago 


Paul Hansen 


Nussbaumer & Clarke, Inc. 


Newell L. Nussbaumer Irving Clarke 


Water Supply and Treatment 
Sewerage & Sewage Disposal 
Garbage Incineration 
Town Planning 


327 Franklin St. Buffalo, N. Y. 








Havens and Emerson 
(formerly Gascoigne & Associates) 
W. L. Havens C. A. Emerson 
A. A. Burger F. C. Tolles F. W. Jones 
Consulting Engineers 
Water, Sewage, Garbage, Industrial 
Wastes, Valuations — Laboratories 


Leader Building Woolworth Bldg. 
Cleveland New York 





Malcolm Pirnie 
Engineers 
Water Supply, Treatment, Sewerage 
Reports, Plans, Estimates 


Supervision and Operation 
Valuation and Rates 


25 W. 43rd St.. New York, N. Y. 








Morris Knowles, Inc. 
Engineers 


Water Supply and Purification, Sewerage 
and Sewage Disposal, Valuations, Labora- 
tory, City Planning. 


1312 Park Building, Pittsburgh, Pa. 


The Pitometer Company 
Engineers 


Water Waste Surveys, Trunk Main 
Surveys, Water Distribution Studies 


Penstock Gaugings 
New York, 40 Church St. 








The Chester Engineers 


Campbell, Davis & Bankson 
Water Supply and Purification, Sewerage 
and Sewage Treatment, Power Develop- 
ment and Applications 
Investigations, Appraisals, Rates, Testi- 
mony, Design, Supervision, Operation, 
Accounting 


210 Parkway at Sandusky Street 
Pittsburgh, Pa. 











Lancaster 
Research Laboratories 


Physical and chemical tests of Sewages, 
Sludges and Industrial Wastes. 
Examinations, tests and reports on treat- 
ment processes and equipment. Experts in 
litigation. 

Treatment processes for Industrial Wastes. 
85 Zabriskie Street 
Hackensack, New Jersey 
Hackensack 3-2325 














William Raisch and 
Associates 
Consulting Engineers 


Sewage Treatment, Refuse 
Disposal, Sewers, Drainage, 
Reports 


227 Fulton Street New York, N. Y. 
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_ WATER WORKS & SEWERAGE 








Thomas M. Riddick 


Consulting Engineer and Chemist 


Municipal and Industrial Water Purification, 

Sewage Treatment, Operating Supervision 

of Plants, Sanitary Surveys, Stream_Pollu- 

tion Investigation, Swimming Pool Control. 

Chemical and Bacteriological Analyses, 
Testing of Materials. 


369 East 149th Street, New York City 


J. E. Sirrine & Company 


Engineers 


Water Supply, Sewage Disposal, 
Power, Highways, Reports 


Greenville South Carolina 





Weston & Sampson 
Robert Spurr Weston George A. Sampson 







Water Supply, Water Purification, Sewer- 

age, Sewage and Industrial Waste Treat- 

ment, Corrosion Control, Laboratory Service, 
Supervision, Valuations. 











14 Beacon St. Boston, Mass. 

















Runyon & Carey 


Consulting Engineers 


Water Supply and Treatment 
Sewerage and Treatment 
Power Plants 


33 Fulton St., Newark, N. J. 


Stanley Engineering 
Company 
Water Works — Sewerage 
Electric Power 


Reports — Design 
Supervision — Valuation 


Central State Bank Bldg., Muscatine, Ia. 





Whitman & Howard 


Harry W. Clark, Associate 
Engineers (Est. 1869—Inc. 1924) 
Channing Howard Paul F. Howard 
Walter A. Janvrin C. Roger Pearson 
Water Supply, Water Purification, Sewer- 
age, Sewage Disposal, Water Front Im- 
provements and all Municipal and Indus- 
trial Development Problems, Investigations, 
Reports, Designs, Supervision, Valuations. 
89 Broad St,, Boston, Mass. 

























Russell & Axon 
Geo. S. Russell—John C. Pritchard 
Joe Williamson, Jr.—F. E. Wenger 


Consulting Engineers, Inc. 
Sewerage, Sewage Disposal, Water 
Works, Filtration, Softening 
Power Plants 


4903 Delmar Blvd. St. Louis, Mo. 











Water Leak Detector Co. 


Engineers 


Pipe Line Location Maps 
Water Leak Detector Instruments 
Pipe Locators 


166 N. Third St. Columbus, Ohio 








Whitman, Requardt 
& Smith 


Engineers 
Ezra B. Whitman Norman D. Kenney 
Gustav J. Requardt A. Russell Vellmer 
Benjamin L. Smith Theodore W. Hacker 


Water Works—Sewerage—Uitilities 
1304 St. Paul Street, Baltimore, Md. 
Albany, N. Y. 






































IMPROVED JOINTING COMPOUND 
for Bell & Spigot Main 











* Sulphur base; quick sealing, speeding laying and 
backfilling. : 


* 10 Ib. ingot form, easily handled, stored and shipped. 
Impervious to rain. Cannot change composition. 


- @ Makes permanently tight joints. Goes 3 to 5 times as 
.. far as lead, helping conserve a strategic war metol. 


© For money-saving information, write : 
The ATLAS MINERAL Products Conipany of Pa. 


The Combined 


SEWER AND PIPE 
FINDER 


The only Sewer Locator made _ is 
equipment for finding Metal Pipes also. 
and is an ideal instrument for the use of 
all cities and towns not already having a 
pipe finder, but for others the regular 


Sewer Locator is preferable, and _ its 
Blake Amplifying Coil, being proof 


against jack-hammer and all other noises 
will be appreciated by whoever does the 
pipe finding. A postal card will bring 
particulars. 


Frank N. Blake, North Adams, 
Massachusetts 

















wine 
Meter-Master 
RATE RECORDER FOR 
WATER METERS 


Send for Literature 


F..S. BRAINARD & CO. 


246 Palm Street, Hartford, Conn, 




















FOR COAGULATION AID Insures 
clearer effluent and increased filter 
capacity. 

FOR CORROSION PREVENTATIVE 
Eliminates “red water" and pro- 
tects water mains and service pipes. 

























Ask for complete information. 
No obligation. 


.PHILADELPHIA QUARTZ CO. 
124 S. Third St., Phila. 


9 Plants; Distributors in over 
60 cities 
















The Department of Water & Power is 
about to dismantle a water purification 
plant, capacity of five million GPD, con- 
taining Dorr & International Filter Co. 
equipment. 

Inquiries for this material should be 
addressed to H. A. Van Norman, Chief 
Engineer & General Manager, Bureau of 
Water Works & Supply, Los Angeles, 
Calif. 

















HELP WANTED 








WANTED-—Designing Engineer thoroughly 

familiar with Sewage Treatment Equip- 
ment. We want a man who wil. be capable 
of assisting in redesign and improvement 
of existing line of Mechanical Equipment 
plus development of new items. In reply 
state qualifications and salary desired. Box 
No. 53, Water Works & Sewerage, 155. East 
44th St., New York City. 









ANTHRAFILT 


A Filter Medium For 
All Purposes 











Anturacite Equipment Corp. 
19 Rector St. New York 










H. G. Turner 
S01 OO) 8 OC) a 


Research Engineer 
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PERM-O-LINE 


Approved by Board of Standards 
& Appeals of the City of New 
York. 


For use in water supply lines and 
risers as a replacement for brass 
and galvanized pipe. 


For further details: 
A. S. G. PIPE LINING CO. 
304 W. 13th St. New York, N. Y. 











SEWAGE GAS 
IS UTILIZED, 


Protect your valuable equipment 
against sulphur damage. Stop sticky 
valves!! Keep your oil free of acid 
sludge caused by sulphur in your 
gas. The Connelly method of gas 
purification is eliminating this costly 
damage in leading plants all over the 
country—and it can do the same for 
you. Let Connelly engineers show 
you how it can be done—easily— 
quickly—economically. 


OTHER CONNELLY PRODUCTS 


Connelly Manometer (U-Gauge). For port- 
able or stationary use. Unbreakable 
plastic tubes. Accurate—dependable. 
Wide range of sizes. 


Connelly H.S Tester. An accurate and 
convenient instrument giving permanent 
record for future reference. 


Write for Bulletins. 





CONNELLY 


IRON SPONCE & COVERNOR CO 


CHICACO Wh - ELIZABETH MO) 
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INDUSTRIAL CHEMICAL SALES 


Division West Virginia Pulp & Paper Company 
230 PARK AVE, NEW YORK, N. Y. 


Branch Offices: 
748 PUBLIC LEDGER BLDG. 
PHILADELPHIA, PA. 


35 E. WACKER DRIVE 
CHICAGO, ILL. 


844 LEADER BLDG, 
CLEVELAND. OHIO 





PRODUCTS: Aqua Nuchar 
Activated Carbon, 


AQUA NUCHAR FOR WATER TREATMENT 


Since the first successful application of activated car- 


bon in powdered form 10 years ago, the acceptance by 
water plant operators of this method of combating tastes 
and odors has been so general that at present over 1,200 
water plants are using AQUA NUCHAR. 


AQUA NUCHAR is a fine black powder having tre- 
mendous internal and external surface, for the ad- 
sorption of taste and odor bodies from water. It has 
been scientifically estimated that one 


offers a total external and internal surface of 20,000 


cubic inch 


square yards. When activated carbon is placed in 
water containing impurities, these impurities are at- 
tracted to the surface of the carbon, much the same as a 
magnet attracts iron filings. All of these impurities are 
retained in the carbon, and subsequently are eliminated 
when the carbon is removed, on the filter sand or by 
settling. The action of activated carbon is therefore a 
physical rather than a chemical one, and an overdose can 
have no ill effects, such as may be encountered with the 


usual water works chemicals. 


AQUA NUCHAR has successfully controlled tastes 
and odors, some of which have been characterized as: 


Earthy Fishy 
Woody Marshy 
Vegetable Swampy 
Bitter Muddy 
Aromatic Chlorine 


which may originate from decaying vegetation; Algae, 
such as synura, synedra, asterionella, uroglena, etc.; 
and Industrial trade wastes, such as phenols, solvent, 


volatile oils, etc. 


AQUA NUCHAR is effective as a dechlorinating 
medium and is thus utilized where prechlorination or 


superchlorination is practiced. 


Realizing that taste and odor troubles come suddenly 
in water plants, we have spotted stocks of AQUA 
NUCHAR at strategic points throughout the country in 
storage warehouses. You can feel assured that your 
order will receive immediate attention and you will be 
very agreeably surprised at the prompt service we can 
give you. Experts — from our Technical Service 
Department are available to study your taste and 


odor problems, no cost nor obligation. 


The sterilization of water supplies by treatment 
with chlorine has been almost universally adopted 
as a means of rendering water safe for human con- 
sumption. With the development of the use of 
activated carbon in water works practice it is now 
possible to deliver a palatable as well as safe water to 
the consumers. IT CAN BE REALIZED THAT 
THE COST OF TREATMENT IS MINOR 
WHEN IT IS CONSIDERED THAT WITH THE 
AVERAGE DOSAGES BEING APPLIED THE 
EXPENSE WORKS OUT TO ONLY THREE 
CENTS PER CAPITA PER YEAR. 
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: “next (0 knowing--is knowing where to find knowledge” 


Goreword 


As publishers with many years of background we take especial pride in 
presenting this volume—the Reference and Data Number of WATER WorkKS 


AND SEWERAGE for 1942. 


This section, prepared by Linn H. Enslow, Editor, and John C. Black, 
Managing Editor, gives the equivalent of a handbook of data for designing 
engineers, managers and operators of water works and sewerage systems. 


The contents represent matter carefully selected from the files of WATER 
WorKS AND SEWERAGE and other sources named in the text. In addition, 
a considerable effort has been made to secure the latest hydraulic tables and 
standards, and to present the most economical and modern methods. 


Even though supplied at no charge to subscribers, beyond the regular sub- 
scription fee, the same conscientious work has been put into the preparation of 
this Data Section as would be expected in a book devoted exclusively to the 
same type of material, and published separately. 


Nete 


All who become subscribers during the 
current year may have a copy of this spe- 
cial issue so long as the extra supply 
printed for the purpose lasts—and, at no 
extra charge above the regular subscrip- 
tion rate. 


Old subscribers will note that a certain 
amount of material in this issue has ap- 
peared in earlier issues. With the con- 
stant influx of new subscribers in mind, 
useful tables and graphs and other basic 
data will be repeated each year, other 
material will be retained for use in alter- 


nate years, while some will be perma- 
nently replaced with new or _ revised 
material. 


It will henceforth be our endeavor not 
to repeat more than one-half of the ma- 
terial from year to year. It will, there- 
fore, be necessary for each subscriber to 
possess issues of two consecutive years if 
he is to have available what may be 
termed a ‘“‘complete” file of WATER 
WorRKS AND SEWERAGE Reference and 
Data Material. 


abe 


Editor. 
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Hydrogen Sulphide—Single Method for Determination............. 238 
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Instruments (Indicating and Recording) For Main Line Meters. .36-41 
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Meter Checking—To Detect Water Waste................0000- 98-100 
BN MN 555 5a 5b an. scig her a Sg teil, SS: rahse bie: beeen ace iw a BTR Temi ones eeu oe 127 
Meter Maintenance: Repair Shop Practices................... 109-110 
nS Me a5. ck ste ace atbiscosd 6 rao cian ale Wie ieee Slane a4 eRe waa Rie 119-120 
ee Hes: OB DT TB Be iia ss oes td hke cvedsscacesrancvne 124-126 
ee, DO GE TIN. 6.6 oho 0 06 0.00 yes ened sede sauvcsawe 128-130 
Meters, Large—Maintenance in the Field...................4- 128-130 
Metering Modern Sewage Works. .......cccccccsccccccccccccce 194-195 
Metering: Practical Method of Procedure..................... 119-120 
I SE PE acs 5 an cek Rennes ORE eee eee Kamae eee 119-120 
ge eee eee ee ee 36-41 
Metering: Water, Sewage and Sludge...........ccccccccvccccccs 36-41 
Meters, Advantages of Outside Setting.................0.00000. 119-120 
Matera —Imataliation Of Pine TARO. .ccececcccccsvcccescestsciccove 44-45 
Meters—Location and Function in Activated Sluge Plant...... 194-195 
ee ee Pee 121-123 























































































































































































































































































































































































































































































































REFERENCE AND DATA INDEX 
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Meters—Propeller Type in Main Line wee ee 44-45 


Meters, Revolving Watt-Hours, Computing Horsepower From. .192-193 


> 


Meters, Venturi —T Kee eeialee ree es ee at hers baw Se 
Metric Measures and English Equivalents......................... 277 
EE ns celts denne ee idea eee se CA deh Ob ehed werenes 64-65 
Multiple Health Type of Sludge Incineration................. 247-248 
Nozzles and Offices in Main Line Metering......................... 36 
PORNO —TIOW MORGUTIGE. 6c ctv viceed ciunnvnecrecccvscecescecvoocce 19 
Nozzle Replacement on Trickling Filter.......................055. 179 
Odor Control, by use of Activated Carbon............ 0.00 cence wees 148 


Odors, Control in Sewers and Treatment Plants.....277-280 Mag. Sec. 


Orders, Sewer—Traps for Manholes and Inlets... 


Operating Fundamentals of the Activated Sludge Process 


Orifices and Nozzles in Main Line Metering 


Orifices—In Flow Measurements..............0c cc ccc cccccccees 19-26 
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Packing Pointers—Gate Valve and Hydrants.. 238-240 Mag. Sex 
Packing Pointers—Ten Important Things Not to do............. 190 
Paint—for Hydrants .e , ; ....241-243 Mag Sec. 
Painting Damp Water Pipes...............0 0.0.00. c cee eee ees 130 
Painting—Tanks and Standpipes. 

Palmer Filter Bed Agitators.. ; haeen ..271-272 Mag. Sec. 
Paving Breakers—Testing and Repairing..... arenes , ..109-110 
Piled Material—Diagram for Contents..... eee re er rr rere 275 


Pipe, Brass and Copper, Delivery Capacity and pressure drop. 262-263 


Pipe Carrying Capacities, Relative......................... ee 
Pipe, Cast Iron—Dimension and Hydraulic Radius Values....... 69 
Pipes, Comparative Carrying Capacities.... mee eee anaenenen 276 
Pipe, Concrete, Flow Computed by Manning Formula..... 268 
Pipe, Concrete, Flow Diagram for Kutter’s Formula...........269 
Pipe Fittings, Offset for 45 and 60 Degrees. 262 
Pipe, Flow Diagram iwereeee oe seuetiens es ..265 
Pipe Handling and Transportation......................... 106 
Pipe Lines, Contents of......... P Sie acs .....282-283 Mag. Sec. 
Pipe Lines, Relative Carrying Capacities 258 
Pipe Lines, Water Contained ir err eT ere ery 
Pipe Runs, Diagram for Calculating Diagonal Lengths............ 278 
Pipe Sweating—To Stop... : SQUtre Mie eerie Pie wR. :B6k aS we RS 104 
Pipe, Transite—for Difficult Sewer Job... =a +o a eee een 178-179 
Pipes and Channels, Flow Measurement in............... 19-32 
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Power Factor (Electrical)—Its Significance.................+... 61-62 
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Public Relations—Reminding Customer of High Cost of Water 
Through Leaks 
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Pump Pounding, Corrected by Simple “Air Sniffer’....... 14 
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Pumping Cost, Chart for Determination....................., > Gf 
Pump Efficiency Comparison, Diagram.......................... 271 


Pumping Sewage and Sludge 


Pumping Station, Heating by Electric Heat................ 


Pumping, Sludge 





Pumping Terminology 


Pumping Water—Gallons Delivered per KWH at Various Heads 52 
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Pumps, Centrifugal—Basic Principles.....................0000..51-54 
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Pumps, Reciprocating, Diagram of Capacity.................... 274 
Pumps, Types Used for Sludge Pumping...................... 233-235 
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Radio Equipped Truck—for Sewer Maintenance............. 172-174 
Rating and Sampling Wells by an Improved Method.............. 117 
Rating Wells—Method of.......... ccc cc ccc cece eee cece ccc eeeus 117 
Red Water Prevention, With Calgon............... 269-270 Mag. Sec. 
Relative Sizes of Branch and Water Main...................... 106 
Removal of Iron and Hardness.........................005. 152-154 
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Reservoirs—Protecting Against Ice@............ cece cee eee ee eeees 118 
Resistance of Valves and Fittings to Flow of Water........... 46-47 
Resistance to Flow—By Pipes...............00 ccc cu cee ceuee 21-22-23 
Roots and Powers of Numbers, Diagram.....................24. 278 
Roots in Sewers—Killing with Copper Sulphate................. 198 
Ss 
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Sand Removal from Well Water..................0-..ee00es 114-116 
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Service Shooting with Compressed Air............ 248-250 Mag. Sec. 
Sewage and Effluent Amalyses....................200 ee eee ee 250-252 
Sewage Gas Hazards—How to Eliminate at Plants..........217-226 
Sewage—Measurement in Modern Plants..............0000005 194-195 
Sewage Treatment at Appleton, Wisc.............. 273-274 Mag. Sec. 
Sewage Treatment—Copper Sulphate as an Aid to........... 197-198 
Sewage Treatment Plant Operation.....................0.0.45. 199-292 
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Water ee eee eye ee ee eee See ee eS eee er eT re ee Pe 271 
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Sewer Flushing Practices—Good and Indifferent............ 176-177 
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IN THE 1941 ISSUE 


Below is an index to reference and data material which may be found in our last year’s (1941) issue. 
The items here listed are NOT to be found in this year's issue. 


This listing together with the 1942 Index, gives what amounts to a “Consolidated Index’’ 


for two consecutive annual issues. 


The practice is to be continued henceforth as an additional aid to those who find the reference and data sections useful. 
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Activated Sludge Blanket Detector 

Activated Sludge Bulking—Causes and Corrective Measures... 
Alr Diffusers, Servicing of Porous Plates & Tubes 

Algae Control 

Alkalinity—Diagram of PH and CO: Relations 
Ammonia—Advantages of Aqua Ammoniation 

Ammonia, Anhydrous: Storage & Handling 

Area Calculation of Various Shapes 


Bells, Pump Suction—Submergence and Spacing of 
Bending Pipes—A Kink 

Biofiltration System 

Blowing Out Service Lines—for Better Flow 
Bushings—Made from Standard Pipe 


Cc 


Cable—How to Estimate Length in Coil or Roll 
Carbon Dioxide—Diagram of pH and Alkalinity Relations 
Carbon Feed Record in Filters 

Cathodic Protection of Sludge Digester Parts 

Cathodic Protection for Tanks and Submerged Metallic Parts.... 
Centrifugal Pumps—Specific Speed Curves 
Centrifuge—In Rapid Sludge Solids Estimations 
Channels, Rectangular and Circular—Diagrams for Flow 
Check Valves—For Surge Control. 

Chlorine Ice Troubles, Solution for ‘* 
Chlorine: Properties of, Storage and Handling. 

Chlorine Treatment for Algae 

Compressed Air, Dewatering Mains with 
Conduits—Diagrams for Rates of Flow 

Concrete Proportioning Table 

Cooling .Water—With Underground Coils 

Copper—lIts Effect on Health 

Copper Sulphate—Killing Roots in Sewers 

Copper Sulphate: Uses and Methods of Application 
Copper Sulphate Treatment for Algae 

Cylinder Handling Carriage (Cl, NHs, SO2) 


226-229 


Degreasing Sewage and Industrial Wastes—by Aero-Chlorina- 
tion 

Dewatering Mains with Compressed “Air 

Diflusers (Plates and Tubes), Servicing of 

Diffuser Plate Purging—with Chlorine Gas 

Digester Corrosion—and Cathodic Protection 


Electrical Pipe Thawing 

Elutriation of Sludges—Equipment and Experiences 
Engine Operation on Sludge Gas 

Expansion Chart for Piping, Rods, etc 


Filter Bed Maintenance 

Filter Bed Maintenance—Mud Ball and Hard Spot Breaker 
Filter Nozzle Replacement 

Filter Washing with Porous Bottoms 

Financing Sewerage—Methods and Experience 

Fire Flows—Underwriters’ Requirements 

Fire Hydrant Discharge Measurement 

Fire Protection, Water Supply in 

Flammability of Gas-Air Mixtures 

Flow Through Conduits—Simplified Formulae for 
Flow—Diagram for Loss of Head 
Flow Gage for Channels, Conduits, 
Flow—Pipe Line Coefficients 
Flow—Pipe Flow Diagram 

Flow in Rectangular and Circular Channels—Diagrams 
Flow in Sewers—Formulae Approximating Kutter's 
Flushing Sewers—Some Notes on 

Freezing, Protecting Pipes Against 


Sewers.... 


Gas Hazards—Reducing at Sewage Plants 
Grease Removal—Aero Chlorination 
Grit Collection and Washing 


Handling and Transporting Pipes and Materials 
Hard Water: Methods of Softening 
Head—Diagram for loss in Pipes 

Hydrant Discharge Measurements 


Imhoff Tanks 
Industrial Waste Treatment—on 
Filters 


High Rate: 


Jigging Grit 
Kutter’s Formula Simplified for Sewers and Drains 


Laboratory Apparatus and Equipment for Sewage Plants.... 
Leak Coat Chart 

Leakage Detection (Surveys)—on Mains. and Services 
Leveling and Aligning by Simple Methods 

Lime and ime Slaking 

Lime Feeding Device 


Mains—Dewatering with Compressed Air 
Mains—Feeding Lime Solution Into 

Main Tapping—Improved Methods of Making 
Maintenance of Sewage Pumping Stations 
Maintenance of Sewers—Practices 

Mapping Sewers 


Mensuration.. 
Mercury and Water Equivalents in Ozs 
Meter RKenovating 
Meter Testing 

Right Meter 
Mud-Ball and Hard-Spot Breaker 


Nozzle Replacement on Trickling Filters 


pH Conversion—Diagram of Alkalinity and CO: Relations 
pH Zones in Water Supply and Sewage Treatment 

Pipe and Tank Contents 

Pipes—Diagrams for Loss of Head. 

Pipe Flow Diagram 

Pipe Handling and Transportation. . 

Pipe—Protection from Freezing. . 

Pipes—Thawing Electrically 

Pitometer Surveys—For Water Leakage, Waste, Stealing 
Power and Heat Equivalents 

Pumping Station— Maintenance 

Pumps, Centrifugal—Specific Speed Curves 

Purging Air Diffuser Plates, with Chlorine 
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Relief Valves—For Surge and Water Hammer 
Root Cuttings in Sewers 
Roots in Sewers—Their Elimination 


Safety Equipment for Sewage Plants 

Screenings, Trituration of and Return to cane 

Screens—Trash and Sewage........ 

Sewage, Degreasing 

Sewage Filtration, Biofiltration System 

Sewerage Financing—Methods and Experience................ 129-12) 

Sewage Gas Flammability 

Sewage Grit-Collection, Washing and Disposal 

Sewage Pumping Station Maintenance 

Sewage Treatment—Apparatus for Collecting Flocced Samples 

Sewage Treatment—Hourly Load Variations and Plants 

Sewage Treatment—pH Zones of Import 

Sewage Plant Laboratory Equipment 

Sewage Treatment Processes—Various. 

Sewer Cleaning 

Sewer Cleaning Equipment—Some Notes on 

Sewer Cleaning with Rubber Beach Balls 

Sewer Flow—Diagrams for Rates of Flow in Circular and ana 
tangular Channels 

Sewer Flow—Simplified Formulae for Determining 

Sewer “Hoe” for Cleaning 

Sewer Maintenance, Practices 

Sewer Rentals and Collection Practices...... ‘ 

Sewers—Size and Slope—Determined by Simple ‘Formulae 

Sewerage Operating Kinks Sei 

Shaft Aligning by Simple Method....... 

Slide Rule for Sewage Operators. . 

Sludge Blanket Detector and Turbidimeter for Activated eee 

Sludge Bulking—Causes and Correction 

Sludge Bulking Control—in Activated Process 

Sludge Concentration (Thickening)—Importance of 

Sludge Digester Corrosion—and Cathodic Protection 

Sludge Disposal—Aided by Elutriation..... 

Sludge Elutriation Equipment and Experience 

Sludge Solids Estimated Rapidly by Centrifuging 

Sludge Volume Reductions—Importance to Plant Operation. 

Softening Water: Economic Aspects of....... i 

Suction Bells, Submerged and Spacing of 

Sulphide Determination by Simple Method 

Surge in Pipe Lines—Its Study and Correction 


T 


Tanks—Cathodic Protection against Corrosion 

Tank and Pipe Contents 

Taps (Large Size)—Improved Method of Making. 

Temperature Expansion Diagram for Piping, Rods, ete 

Testing Water Meters.. ° 

Theft of Water—Methods of Detection 

Thawing Pipes Electrically...... ‘ow 
Trade Waste Treatment—High Capacity Trickling Filters. 
Trickling Filter Systems—High Capacity 

Trigonometric Calculations Made Simple 

Trituration of Sewage Screenings—Operating Experience & Costs. 
Turbidimeter and Sludge Blanket Detector .. 230 


.224- e 


Underwriters’ Requirements for Fire Flow 


Volume Calculation for Various Solids 


Ww 


Water and Mercury Equivalerts of Ozs 

Water and Sewage Pumping—Submergence and Spacing of Suction | - 
Bells 

Water Cooling with Underground Coils. 

Water Flow—Diagram for Loss of Head in Pipes 

Water Flow—Diagrams for Rectangular and Circular Channels. 252- 253 

Water Flow--Pipe Line Coefficients. .......cccccccccccccccccces 69-61 

Water Hammer (Surge)—lIts Study and Correction 38-41 

Water Treatment—Apparatus for Collecting Flocculated Samples. .101 

Water Treatment—Aqua Ammoniation 95 

Water Treatment—Device for Feeding Lime Solution 

Water Treatment—Lime and Lime Slaking 

Water Treatment—Methods and Economic Aspects of Softening.110- “113 

Water Treatment—pH Zones of Import 

Water Waste Surveys—Instruments and Methods Employed in. 

Welding Units and Electrical Thawing.. 

Wire—Standard Gauges........... 








ASSIFIED INDEX of PRODUCTS 


Although this index is not published as a COMPLETE index of all materials and equipment used 
in the Water Works and Sewerage fields—it really is a very comprehensive list of products. It 
includes equipment and materials produced or marketed in this field by 196 manufacturers 
who have used WATER WORKS & SEWERAGE in advertising such products during 1941 
and 1942. Of these 196 manufacturers you will find the advertisements of 154 in this issue. 













































































































ABRASIVES Ralph B. Carter Co., 53 Park Pl., Graver Tank & Mfg. Co., Inc., East | BASIN CLEANERS 
Carborundum Co., Niagara Falls, New York City. Chicago, Ind. Champion Corp., Hammond, Ind. 

— 2 Chain Belt Co., Milwaukee, Wis. Omega Mach. Co., Inc., 3409 E. W. H. Stewart, P. O. 767, Syra- 
x : ’ Dorr Co., Inc., 570 Lexington Ave., 18th, Kansas City, Mo. cuse, N. Y. 

ACID, SULPHURIC AND New York City. Proportioneers, Inc., 9 Codding St., Turbine Sewer Machine Co., 5210 
HYDROCHLORIC | Graver Tank & Mfg. Co., Ince., Providence, R. I. (Aqua) W. State St., Milwaukee, Wis. 
General Chemical Co., 40 Rector East Chicago, Ind. Wallace & Tiernan Co., Inc., New- | BEARINGS, ROLLER & BALL 

St., New York City. — Infileo, Inc., 325 W. 25th Pl., Chi- ark, N. J. Chain Belt Co., Milwaukee, Wis. 
Monsanto Chemical Co., St. Louis, cago, Ill. Wilson Chemical Feeders, Inc., Jeffrey Mfg. Co., Columbus. Ohio. 

Mo. : : ' , Jeffrey Mfg. Co., Columbus, Ohio. 110 _ Washington St., Buffalo, Link-Belt Co., 519 N. Holmes Ave., 
Monsanto Chemical Co., Merrimac Link-Belt Co., 2045 W. Hunting N. ¥. Indianapolis, Ind. 

_Div., Boston, Mass. = : Park Ave., Philadelphia, Pa. NALYTICAL WARE BINS, STORAGE 
Niagara Alkali Co., 60 E, 42nd St., Municipal Service Co., 532 Dwight AN TIC E ’ : ; 

New York City. Bldg., Kansas City, Mo. Carborundum Co., Niagara Falls, Chain Belt Co., Milwaukee, Wis. 
Penn. Salt Mfg. Co., Widener Omega Mach. Co., Inc., 3409 E. N. Y. Chicago Bridge & Iron Company, 

Bldg., Philadelphia, Pa. 18th, Kansas City, Mo ° Chemlab Specialties Co., = Ae _ McCormick Bldg., Chicago, 

ti >. 220 Ww varado Road, Berkeley, Calif. . 

ACTIVATED AND BLACK ALUM en So W. 42nd St, | piitpe & Bird, Inc., "Richmond, Graver Tank & Mfg. Co., Inc., 
"eee “Ma Sn, eee Roberts Filter Mfg. Co.. Darby, Pa. bn ecaita: cramer Thee Co 

ACTIVATED CARBON Vogt Mfg. Co., Louisville, Ky. ANEMOMETERS 2915 N. Market St., St. Louis, 
Activated Alum Corp., Curtis Bay, , AIR BLOWERS M. ©. Stewart, Ashburnham, Mass. gale ante. Co., Colemben Obi 

Baltimore, Md. (See Blowers, Air) ANTHRAFILT : ” . 0. 
Darco Corporation, 60 EB. 42nd St., | AIR COMPRESSORS Anthracite Equipment Corp., 19 | TMpe spelt Co. tev ene 

New = a “ae & (See Compressors, Air) Rector St., New York City. Pittsburgh-Des Moines Steel Co., 
est. Chicago, ii 7 SNwon| ALLOY CAST IRON PIPE AND | AQuA AMMONIATORS Pittsburgh, Pa. 

Graver Tank & Mf Co., Inc FITTINGS (See Ammoniators) Portland Cement Association, 33 W. 

East Chicago, Ind. | _- American Cast Iron Pipe Co., Bir- Pree 9 Grand Ave., Chicago, Ill. 

lical § ivisi mingham, Ala. QUAPHONE BITUMINOUS COATINGS AND 
en Vhatee tee b Pee On Cast Iron Pipe Research Assn., Aqua Survey & Instrument Co., LININGS ° 

230 Park Ave., New York City. - S. Michigan Ave., Chicago, pa Marlowe Ave., Cincinnati, General Paint Corp. ,3081 Mayfield 

ile >. 325 W. 25 ‘hi- . 10. d., eveland, Ohio. 

— _ a OW. Sn te, om Central Foundry Co., 386 Fourth Northrop & . Inc., 50 Church Quigley Co., Inc., 56 W. 45th St., 
Lakeside Engrg. Corp., 222 W. Ave., New York City. St., N. ¥., N. ¥. New York City. 

Adams St., Chicago, Ill. Clow & Sons, ames B., 201 N. | agpesToOs-CEMENT PIPE Reilly Tar & Chemical Co., Mer- 
— og W. 42nd St., aunt. — 6 likin Ave. Johns- “Manville Co., 22 EB. 40th St., a ae Bank Bldg., Indianapolis, 
ey Pa nl r+ Bro., 216 Pearl Chicago, Il. New York City. Wailes Dove-Hermiston Corp., West- 

St., New York City. pg Rin | waned Co., Bur- ASH AND COAL HANDLING field, 
sai mom lington, N. MACHIN BLACK ALUM 

OUIEMENT oe Warren Foundry & Pipe Co., 11 Chain Belt Co., Milwaukee, Wis. Activated Alum Corp., Curtis Bay, 
The American Well Works, Aurora Broadway, New York City. — Dracco Corp., Cleveland, Ohio. Baltithore, Md. 

——— a R. D. Wood Co., 400 Chestnut St., Gruendler Crusher & Pulverizer Co.. | py REACHING POWDER 
", a 7 Philadelphia, Pa. 2915 N. Market St., St. Louis, ‘ . , 
Carborundum Co., Niagara Falls, ALTERNATORS, ELECTRIC Mo “—_ —, 4 one 117 Liberty 

N. x oaks Jing . t., New Yo iv. 

Chain Belt Co., Milwaukee, Wis Chicago Pump Co., 2349 Wolfram | Jeffrey Mfg. Co-, Columbus, Ohio. Mathieson Alkali Wks., 60 E. 42nd 
Chicago Pump ‘Co 2349 Wolfram St., Chicago, Ill. Link-Belt Co., 300 W. Pershing Rd., St., New York City.” 

St., Chicago, Ill. ° Clark Controller Co., 1146 B. 152nd Chicago, Ill. Niagara Alkali Co., 60 E. 42nd St., 
Bese oe. oe Lexington Ave., New gg yg Co., 600 sg, |AUTOMATIC FILTER AND me tL eet she 
Graver Tank & Mfg. Co., Inc., Res Michigan Ave., Chicago, Ill. we hi a elgg gg Philadelphia, Pa. 
iTave i & Mfg. Co., Inc., East Innis, Speiden & Co., 117 Libert Builders-Providence, Inc., 9 Codding i 7 he 

Chicago, Ind. a ; ae won York city arty St., Providence, R. I. Pittsburgh Plate Glass Co.. Colum- 
Infileo, Inc., 325 W. 25th Pl., Chi- -» New Or J: Everson Mfg. Co., 214 W. Huron bia Chemical Division, 30 Rocke- 

cago,, Ill. ALUM, AMMONIA St., Chicago, Ill. feller Plaza, New York City. 
Jeffrey Mfg. Co., Columbus, Ohio. Penn. Salt Mfg. Co., Widener Graver Tank & Mfg. Co., Inc., East Proportioneers, Inc., 9 Codding St., 
Link-Belt Co., 2045 W. Hunting Bldg., Philadelphia, Pa. Chicago, Ind. Providence, R. I. 

_ Park Ave.. Philadelphia, la ALUM, BLACK Infilco, nes 325 W. 25th Pl., Chi- | BLOWERS, AIR 
Vogt Mfg. Co., Louisville, Ky. Activated Alum Corp., Curtis Bay, cago, 3 : at.. Kew De Laval Steam fTurbine Co., 

AERATION APPARATUS Baltimore, Md. Permit C2.. 330 W. 42nd St.. New A... See 
aTlae. Pittebugh, Pa” | ALUM (FILTER), COMMERCIAL, | Simplex Valve & Meter Co., Phila- ‘Comersvile, 1x4. 
The American Well Works, Aurora, | JRONCF REE Oo curtis Bay, delphia, Pa. BLOWERS (GASOLINE) ENGINE 
taint, Wn. Widens ee Baltimore, Md. BACK FILLERS ; | rn on 
_ a um Co., Niagara Falls, Monsanto Chemical Co., St. Louis, Link-Belt Bpecder Corp.. | 301 Ww. 7 Corporation, Port Chester, 

Mo. ershing a cago, E N. Y. 
Ralph B. Carter Co., 53 Park Place, | onsanto Chemical Co. Merrimac ‘ BOILER BLOWOFF APPARATUS 

New York City. Div., Boston, Mass BAR SCREENS Permutit Co., 330 W. 42nd St., New 
ay -* 2349 Wolfram Penn. Salt Mfg. Co., Widener = se Well Works, Aurora, York City. a sie 
Graver Tank & Mfg. Co., Inc., i. See Se. i Chain Belt Co., Milwaukee, Wis. | BOILER FEED PUMP CONTROL 

East Chicago, Ind. AMMONIA, ANHYDROUS & AQUA Dorr Co., 570 Lexington Ave., New Bailey Meter Co., 1072 Ivanhoe Rd., 
Infileo, Inc., 325 W. 25th PI., Chi- General Chemical Co., 40 Rector York City. Cleveland, Ohio. . 

cago, Ill. St., New York —. = Gruendler = ned 2 Co., moe Hagan Bldg., Pitts- 
Link-Belt Co., 2045 W. Huntin Great Western Division, ow 2015 N. arket St., St. Louis, urgh, Pa. 

‘Park Ave., Philadelphia, Pa. . Chemical Co., 310 Sansome St., Mo. Simplex Valve & Meter Co., 68th 
Municipal Service Co., 532 Dwight San Francisco, Calif. Jeffrey Mfg. Co., Columbus, Ohio. & Upland Sts., Philadelphia, Pa. 

Bldg., Kansas Ciy, Mo. Mathieson Alkali Wks., Inc., 60 E. Link-Belt Co., ‘2045 W. Hunting | gOILER FEEDWATER 
Pacific Flush Tank Co., 4241 42nd St., New York City. : Park Ave., Philadelphia, Pa. TREATMENT 
; Ravenswood Ave., ge hg — Chemical Co., St. Louis, BASE-EXCHANGE, SILICATE The American Well Works, Aurora, 
’ermutit Co., £ n * Mo. R 5 : Graver Tank & Mfg. Co., Inc., , 

New York City. Monsanto Chemical Co. Merrimac East Chicago, Ind. Builders-Providence, Inc., 9 Codding 
Vogt Mfg. Co., Louisville, Ky. Div., Boston. Mass. Infileo, Inc., 325 W. 25th. Pl., Chi- St., Providence, R. I. 

AGITATORS Penn. Salt Mfg. Co., Widener cago, Ill. Buromin Co., 300 Ross St., Pitts- 
Activated Alum Corp., Curtis Bay Biég., Philadelphia, Fa. Lakeside Engrg. Corp., 222 W burgh, Pa. 

Baltimore, Md. " | AMMONIATORS Adams St., Chicago, Ill. Chain Belt Co., Milwaukee, Wis. 
The American Well Works, Aurora, Everson Filter Service Co., 214 W. Permutit Co., 330 W. 42nd St., New i Dorr Co., 570 Lexington Ave., New 

ill. : Huron St., Chicago, Ill. York City York City. 











CLAMPS AND SLEEVES, PIPE 

Amer. Cast [ron Pipe Co., Bir- 
mingham. Ala 

Carson- ‘Cadillac Corp., Birmingham, 


Ala. 

Crane Co., 836 S. Michigan Ave., 
Chicago, IIl. 

Dresser Mfg. Co., Bradford, Pa. 

Iowa Valve Co., Hubbell Bldg., 
Des Moines, Iowa. 


Mueller Co., Decatur, Il. 
Northrop & Co., Inc., 50 Church 
St., New York City. 

Rensselaer Valve Co., Troy, N. Y. 
Warren Foundry & Pipe Co., 11 
Broadway, New York City. 

CLAMPS, BELL JOINT 


Carson-Cadillac Corp., Birmingham, 
Ala. 

Crane Co., 836 S. Michigan Ave., 
Chicago, IIl. 

Dresser Mfg. Co., Bradford, Pa. 


Northrop & Cqg., Inc., 50 Church 
St... New York City. 

Pittsburgh Equitable Meter Co., 
400 Lexington Ave., Pittsburgh, 


Pa. 


CLAMPS, PIPE REPAIR 
Carson-Cadiliae Corp., Birmingham, 
Ala. 
Crane Co., 836 S. Michigan Ave., 
Chicago, Ill. 
Dresser Mfg. Co., Bradford, Pa. 
Northrop & Co., Inc., 50 Church 
St., New York City. 
CLARIFIERS, SEWERAGE 
AND WATER 
The American Well Works, Aurora, 
Ill. 


Ralph B. Carter Co., 53 Park PL, 
New York City. 
Chain Belt Co., Milwaukee, Wis. 


Dorr Co., 570 Lexington Ave., New 
York City. 
Graver Tank & Mfg. 


Co., Inc., 


East Chicago, Ind. 
Infilco, Inc., 325 W. 25th PI., Chi- 
cago, Ill. 


Jeffrey Mfg. Co., Columbus, Ohio. 

Lakeside Engrg. Corp., 222 W. 
Adams St., Chicago, Ill. 

Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia, Pa. 

Pacific Flush Tank Co., 4241 
Ravenswood Ave., Chicago, Ill. 

Permutit Co., 330 W. 42nd St.. New 
York City. 


CLEANING SEWER MAINS 
Champion Corp., Hammond, Ind. 
Jos. G. Pollard Co., Ine., 151 

Ashland PIl., Brooklyn, N. Y. 
W. H. Stewart, P. O. Box 767. 
Syracuse, N. Y. 
Turbine Sewer Machine Co., 5210 
W. State St.. Milwaukee, Wis. 


CLEANING WATER MAINS 
National Water Main Cleaning Co., 
50 Church St., New York City. 
COAGULANTS & COAGULATION 

CONTROL CHEMICALS 

Activated Alum Corp., Curtis Bay, 
Baltimore. Md. 

Diamond Alkali Co., Pittsburgh, Pa. 

Dow Chemical Co., Midland, Mich. 

Innis-Speiden & Co., 117 Liberty 
St.. New York City. 

Monsanto Chemical Co., St. Louis, 


Mo. 
Monsanto Chemical Co. Merrimac 


Div., Boston, Mass. 

Penn. Salt Mfg. Co., 1000 Widener 
Bldg., Philadelphia. Pa. 

Permuitit Co.. 330 W. 42nd St., 
New York City. 

Philadelphia Quartz Co., 124 S. 
Third St., Philadelphia, Pa. 

Proportioneers, Inc., 9 Codding St., 
Providence, R. I. 

Waligce & Tiernan Co., Inc., New- 
ark, N. J. 


COAL & ASHES HANDLING 
MACHINERY 
(See Ash & Coal Handling Machy.) 
COATINGS, ACID & ALKALI- 
PROOF FOR CONCRETE, 
STEEL AND WOOD 
Atlas ae, Co., 
Mertztown, 
General Paint tl 3091 Mayfield 
Rd., Cleveland, Ohio. 
Penn. Salt Mfg. Co., 1000 Widener 
Bldg., Philadelphia, Pa. 


Products 


Philadelphia Quartz Co., Philadel- 
phia, Pa. 

Quigley Co., Inc., 56 W. 45th St., 
New York City. 

Reilly Tar & Chemical Co., Mer- 
— Bank Bldg., Indianapolis, 
nd. 

Wailes Dove-Hermiston Corp., 


Westfield, N. J 
COATINGS AND LININGS 
(See Bituminous Coatings and Lin- 
ings.) 
COCKS, CURB, METER, COR- 
PORATION, ETC. 


COLLECTORS (SLUDGE) 


COMBUSTION INDICATORS 


COMMINUTORS 


COMPARATORS (COLOR) 


W. <A. Taylor & Co., 7500 York 
Road, Baltimore, Md. 

Wallace & Tiernan Co., Inc., New- 
ark, N. J. 

Wilson Chemical Feeders, Inc., 
Buffalo, N. Y. 

COMPOUNDS, COUPLING 

Reilly Tar & Chemical Corp., 
Merchants Bank Bldg., Indian- 
apolis, Ind. 


COMPOUNDS, SEWER JOINT 


COMPRESSORS, AIR 


Worthington Pump & Machinery 
Corp., Harrison, New Jersey. 
CONCRETE 


CONCRETE BREAKERS 
CONCRETE HARDENER 


CONCRETE MIXERS 
CONCRETE PIPE 
CONDENSERS (STEAM) 


CONTROLLERS, AUTOMATIC, 





Crane Co., 836 8S. Michigan Ave., 
Chicago, Ill. 


Ford Meter Box Co., Wabash, Ind. 
Mueller Co., Decatur, Ill. 
Northrop & Co., Ine., 50 
St., New York City. 
Pittsburgh Equitable Meter Co., 400 
Lexington Ave., Pittsburgh. Pa. 
The A, P. Smith Mfg. Co., 545 N. 
Arlington Ave., E. Orange, N. J. 


Church 


The American Well Works, Aurora, 
Ill 


Ralph B. Carter Co., 53 Park PL., 
New York City. 

Chain Belt Uo., Milwaukee, Wis. 

Dorr Co., 570 Lexington Ave., New 
York City. 


Graver Tank & Mfg. Co., Inc., East 
Chicago, Ind. 

Infileo, Inc., 325 W. 25th PL, Chi- 
cago, Ill. 


Jettrey Mfg. Co., Columbus, Ohio. 

Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia, Pa. 

Permutit Co., 330 W. 42nd St., 
New York City. 

Phipps & Bird, Inc., 915 E. Cary 
St., Richmond, Va. 


AND RECORDERS 

Bailey Meter Co., 1072 Ivanhoe Rd., 
Cleveland, Ohio. 

Permutit Co., 330 W. 42nd St., 
York City. 


New 


The American Well Works, Aurora, 


Ill. 
Chicago Pump Co., 2349 Wolfram 
St., Chicago, Il. 


Hellige, Inc., 3718 Northern Bidg., 
Long Island City, 

Proportioneers, Inc., 
Providence, R. I. 


N. ¥. 
9 Codding St., 


Atlas Mineral Prod. Co., Mertz- 
town, Pa. 
Hydraulic 


Chureh St., 


Development Corp., 50 

New York City. 

Pacific Flush Tank Co., 4241 Ra- 
venswood Ave., Chicago, Ill. 

Quigley Co., Inc., 56 W. 45th St., 
New York City. 

Reilly Tar & Chem. Co., Mer- 
chants Bank Bldg., Indian- 
apolis, Ind. 


De Laval Steam Turbine Co., Tren- 


ton, N. 

Gardner- Denver Co., Quincy, Ill. 
Northrop & Co., Ine., 50 Church 
St., New York City. 
Roots-Connersville Blower 

Connersville, Ind. 
Schramm, Inc., West Chester, Pa. 


Corp., 


Portland Cement Association, 33 
W. Grand Ave., Chicago, Il. 


Schramm, Inc., West Chester, Pa. 


Connelly Iron Sponge and Governor 
Co., 3154 So. California Ave. Chi- 
eago, Il 

Diamond Pittsburgh, 

>A. 

Philadelphia Quartz Co., 124 §8. 
Third St., Philadelphia, Pa. 
Standard Silicate Div., Diamond 
Alkali Co., Pittsburgh, Pa. 


1. 
Alkali Co., 


Chain Belt Co., Milwaukee, Wis. 


(See Pipe, Concrete.) 

Amer. Cast Iron Pipe Co., Birming- 
ham, Ala. 

U. S. Pipe & Foundry Co., Burling- 
ton, N. 

Worthington Pump & Machy. 
Corp., Harrison, N. J. 


ELECTRIC 

Builders-Providence, Inc., 9 Cod- 
ding St., Providence, R. I. 

Clark Controller Co.. 1146 E. 152nd 
t., Cleveland, Ohio. 

Infileo, Inc., 325 W. 25th Pl., Chi- 


cago, Ill. 
Simplex Valve & Meter Co., 68th 
= Upland Sts., Philadelphia, 

a. 
CONTROLLERS, FLOW, LEVEL, 
PRESSURE, TEMPERATURE 
Bailey Meter Co., 1072 Ivanhoe Rd., 


CONVEYORS AND CONVEYING 
EQUIPMENT 


COOLING TOWERS 


COPPER, BRASS, BRONZE 
COPPERAS 


COPPER SULPHATE 


COPPER TUBE, FLEXIBLE 


CORROSION 


COUPLINGS & CONNECTIONS, 
PIPE 


COUPLINGS, FLEXIBLE 





Cleveland, Ohio. 


Builders-Providence, Inc., 9 Cod- 
ding St., Providence, R. I. 

Clark Controller Co., 1146 E. 
152nd St., Cleveland, Ohio. 

Hagan Corp., Hagan Bldg., Pitts- 
burgh, Pa. 

Infilco, Ine., 325 W. 25th Pl., Chi- 
eago, Ill. 


Permutit Co.. 380 W. 42nd St., New 
York, N. Y. 

Roberts Filter Mfg. Co., Darby, Pa. 

Ross Valve Mfg. Co., P. O. Box 
505, Troy, N. Y. 

Simplex Valve & Meter Co., 68th & 
Upland Sts., Philndelphia, Va. 

Wallace & Tiernan Co., Inc., New- 
ark. N. 


Builders-Providence, Inc., 9 Cod- 
ding St., Providence, R. I. 
Chain Belt Co., Milwaukee, Wis. 
Dracco Corp., Cleveland, Ohio. 
Gruendler Crusher & l’ulverizer Co., 
og N. Market St., St. Louis. 


fo. 
Jeffrey Mfg. Co., Columbus, Ohio 
Link-Belt Mfg. Co., 2045 W. Hunt 
ing Park Ave., Philadelphia, Pa. 
Merrick Secale Mfg. Co., 180 Au- 
tumn St., Passaic, N. J. 


Municipal Service Co., 532 Dwight 
Bldg., Kansas City, Mo. 
Co., Waterbury. 


onn. 
Mueller Brass Co., 
Mich. 


American Brass 


Port Huron, 


Innis-Speiden & Co., Libert) 
St.. New York City. 

Pennsylvania Salt Mfg. Co., 1000 
Widener Bldg., Philadelphia, Pa. 


117 


General Chemical Co., 40 Rector 
St., New York City. 

Innis-Speiden & Oley 117 Liberty 
St., New York Cit 

Penn. Salt Mfg. = 75000 Widener 
Bldg., Philadelphia, Pa. 

Tennessee Corp., 621 Grant Bldg., 
Atlanta, Ga. 

American Brass Co., Waterbury, 
onn. 

Crane Co., 836 S. Michigan Ave.. 
Chicago, Ill. 

Mueller Brass Co., 


Mich. 
Mueller Co., Decatur, Ill. 
SUPPRESSION 
Hagan Bldg., 


Electro Rust-Proofing Co., 29 W. 
Apple St., Dayton, Ohio. 

Rusta Restor Corp., 1480 W. 
St., Fremont, Ohio. 


Port Huron, 


Calgon, Ine., Pitts- 


burgh, Pa. 


State 


Crane Co., 836 S. Michigan Ave.. 
Chicago, Ill. 

Dresser Mfg. Co., Bradford, Pa. 

Mueller Brass Co., Port Huron, 


Mich. 
Mueller Co., Decatur, Il. 
National Tube Co., Frick Bldg., 


Pittsburgh, Pa. 
Pittsburgh Equitable Meter Co., 400 
Lexington Ave., Pittsburgh. Pa. 
The A. P. Smith Mfg. Co., 545 N. 
Arlington Ave., E. Orange, N. J. 


Chicago Pump Co., 2349 Wolfram 
St., Chicago, Il. 

Chain Belt Co., Milwaukee, Wis. 

Crane Co., $36 S. Michigan Ave.. 
Chicago, Ill. 

De Laval Steam Turbine Co., 
Trenton, N. J. 

Dresser Mfg. Co., Bradford, Pa. 

Jeffrey Mfg. Co., Columbus, Ohio. 

Link Belt Co., 220 S. Belmont Ave., 
Indianapolis, Ind. 


Pittsburgh Equitable Meter Co., 400 
Lexington Ave., Pittsburgh, Pa. 
COVERS, aA » MAN- 
HOLE, SAMPLIN 
Northrop & Co., A 50 «~Chureh 
St., New York City. 


Vapor Recovery Systems Co., 2820 
N. Alameda St., Compton, Calif. 
CRANES & HOISTS 
Link-Belt Speeder Corp., 301 W. 
Pershing Rd., Chicago, Ill. 
Northrop & Co., Inc., 50 Church 
St., New York City. 
CULVERT CLEANERS 
Champion Corp., Hammond, Ind. 
W. H. Stewart, P. O. Box 767, 
Syracuse, N. Y. 
CULVERTS 
American Cast Iron Pipe Co., Bir- 
mingham, Ala. 
Armco Drainage Products Assn., 
Middletown, Ohio. 
Cast Iron Pipe Research Assn., 122 


DEMOLITION 





S. Michigan Ave., Chicago, Il. 





9 


Clow and Sons, James B., 201 N. 
Talman Ave., Chicago, Il. 

Johns-Manville, 22 E, 40th St., New 
York City (Asbestos-Cement). 

Lock Joint Pipe Co., Ampere, N. J. 

Portland Cement Assn., 33 W. 
Grand Ave., Chicago, Ill. 

U. S. Pipe & Foundry Co., Burling- 
ton, N. J. (Cast Iron) 

Warren Foundry & Pipe Co., 11 
Broadway, New York City. 

R. D. Wood Co., Philadeiphia, Va. 


CURB BOXES 


Central Foundry Co., 386 Fourth 
Ave., New York City. 

Crane Co., 836 S. Michigan Ave., 
Chicago, Ill. 

Mueller Co., Decatur, Ill. 

Northrop & Co., Inc., 50 Church 
St., New York City. 


DECHLORINATING EQUIPMENT 


AND CHEMICALS 
Ansul Chemical Co., P. 0. Box 231, 
Marinette, Wis. 


Everson Mfg. Co., 214 W. Huron 
St., Chicago, Ill. 

Graver Tank & Mfg. Co., Inc., East 
Chicago, Ind. 

Infileo., Inc., 325 W. 25th PL, Chi- 


cago, Ill. 

Municipal Service Co., = Dwight 
Bldg., Kansas City, 
Omega Machine Co., Inc., 

Ave., Kansas City, Mo. 
Permutit Co., 330 W. 42nd St.. 

York City. 
Proportioneers, Inc., 

Providence, 


10 Penn 
New 


9 Codding St., 


Virginia Smelting Co., 131 State 
St., Boston, Mass. 

Wallace & Tiernan Co., Inc., New- 
ark, N. J. 

Wilson Chemical Feeders, Inc., 


Buffalo, N 
TOOLS 
Schramm, Inc., West Chester, Pa. 


DIAPHRAGM, PUMP 


Ralph B. Carter Co., 53 Park PI.. 
New York City. 


Dorr Co., 570 Lexington Ave., New 


York City. 

Edson Corp., 49 D St., South Bos- 
ton, Mass. 

Everson Mfg. Co., 214 W. Huron 


St., Chicago, Ill. 
Northrop & Co., Inc., 50 Church 
St., New York City. 


Proportioneers, Inc., 9 Codding 
St., Providence, R. I. 
Wallace & Tiernan Co., Ine., New- 


ark, N. 
Wilson Chemical Feeders, 
Buffalo, N. Y. 


Inc., 


DIFFUSERS—PLATES & TUBES 


Carborundum Co., Niagara Falls, 


~ oe 
Chicago Pump Co., 2349 Wolfram 
t., Chicago, Ill. 
Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia, Pa. 


DIGESTERS EQUIPMENT 


(SLUDGE) 

Ralph B. Carter Co., 53 Park Pl., 
New York City. 

Dorr Co., 570 Lexington Ave., New 
York Cit ty. 

Graver Tank & Mfg. Co., Ine., 
East Chicago, Ind. 

Infileo, Ine., 325 W. 25th Pl., Chi- 
cago, Ill. 

Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia, Pa. 

Pacific Flush Tank Co., 4241 Ra- 


venswood Ave., Chicago, Ill. 


DISTRIBUTORS (FILTER) 


The 


Ralph B. Carter Co., 53 Park Pl., 
New York City. 
Chain Belt Co., Milwaukee, Wis. 


American Well Works, Aurora, 


Dorr Co., 570 Lexington Ave., New 
York City. 

Graver Tank & Mfg. Co., Inc., 
East Chicago, Ind. 

Infileo, Inc., 325 W. 25th Pl., Chi- 
eago, Ill. 

Lakeside Engrg. Corp., 222 W. 
Adams 8t., Chicago, Ill. 

Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia, Pa. 

Pacific Flush Tank Co., 4241 Ra- 
venswood Ave., Chicago, Tl. 

Permutit Co., 330 W. 42nd St., New 


York City. 


DRAINS, STORM 

Armco Drainage Products Assn., 
Middletown, Ohio. 

Cast Iron Pipe Research Assn., 122 
S. Michigan Ave.. Chicago, Ill. 

Crane Co., 836 S. Michigan Ave., 
Jhicago, Ill. 
ck Joint Pipe Co., Ampere, N. J. 

tortland Cement Assn., 33 W. 
Grand Ave., Chicago, Ill. 

U. 8S. Pipe & Foundry Co., Burling- 
ton, N. J. 

Warren Foundry & Pipe Co. be 11 
Broadway, New York Cit 

R. D. Wood Co., Philadelphia, Pa. 
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DRIVES, CHAIN 
Chain Belt Co., Milwaukee, Wis. 
Jeffrey Mfg. Co., Columbus, Ohio. 
Link-Belt Co., 2045 W. Hunting 

Park Ave., Philadelphia, Pa. 


DRY CHEMICAL FEEDERS 
(See Chemical Feeding Equipment) 
DRYERS, ROTARY 
Jeffrey Mfg. Co., Columbus, Ohio. 
Link-Belt Co., 300 W. Pershing Rd., 


Chicago, Ill. 
ELECTRICALLY OPERATED 
GATE VAL 
Crane Co., 836 S. Michigan Ave., 


Chicago. 
Iowa Valve Co., 
Des Moines, Ia. 
Ludlow Vaive Mfg. Co., Troy, N. Y. 
Mueller Co., Chattanooga, Tenn. 
Rensselaer Valve Co., Troy, N. Y. 
The A. P. Smith Mfg. Co., 545 N. 
Arlington Ave., E. Orange, N. J. 
R. D. Wood Co., 400 Chestnut St., 
Philadelphia, Pa. 
eg AE et ke ane CONVEYING 
EQU 
(See Conveyors & Conveying Equip- 
ment.) 
ENGINEERS AND CHEMISTS 
(See Directory of Experts, pages 
108-109. ) 
ENGINES, DIESEL 
Fairbanks, Morse & Co., 600 S. 
Michigan Ave.. Chicago, Ill. 
Schramm, Inc., West Chester, Pa. 
Worthington Pump & Machy. 
Corp., Harrison, N. J. 


ENGINES, SEWAGE SLUDGE 
GAS 


Hubbell Bldg., 


Worthington Pump & Machy. 
Corp., Harrison, N. J. 
EXPANSION JOINTS—PIPE 
(See Joints—Expansion, lipe) 
FEED, CHEMICAL 
(See Chemical Feeding Equipment.) 
FEED WATER FILTERS 
Graver Tank & Mfg. Co., Inc., East 
Chicago, Ind. 
Infileo, Inc., 325 W. 25th Pl., Chi- 
eago, Ill. 
Lakeside Engrg. Corp., 222 W. 
Adams S8t., Chicago, IIl. 
Permutit Co., 330 W. 42nd St.. New 
York City. 
Roberts Filter Mfg. Co., Darby, Pa. 
Ross Valve Mfg. Co., P. O. Box 
695, Troy, N. Y. 
Worthington Pump & Machinery 
Corp., Harrison, N. 


FEED WATER HEATERS 


Graver Tank & Mfg. Co., Inc., 
East Chicago, Ind. 
Permutit Co., 330 W. 42nd St., 


New York City. 

Worthington Pump & Machy. 
Corp., Harrison, N. J. 

FEED WATER TREATMENT 

(See Boiler Feed Water Treat- 
ment) 

FERRIC CHLORIDE, LIQUID & 

ANHYDROUS 

Diamond Alkali Co., Pittsburgh, Pa. 

Dow Chemical Co., Midland, Mich. 
(Liquid & 60% crystal) 

General Chemical Co., 4U Rector 
St.. New York City. 

Great Western Division, Dow Chem- 
ical Co., 310 Sansome St., San 
Francisco, Calif. 

Innis, Speiden & Co., 117 Liberty 
St.. New York City. 

Niagara Alkali Co., 60 E. 42nd 
St., New York City 

Penn. Salt Mfg. Co., Widener Bldg., 
Philadelphia, Pa. (Liquid) 

Wallace & Tiernan Cu., Inc., New- 
ark, N. J 

FERRIC CHLORIDE FEEDERS 

Graver Tank & Mfg. Co., Inc., 

East Chicago, Ind. 


Infileo, Inc., 325 W. 25th Pl., Chi- 
cago, Ill. 
Omega Machine Co., Inc., 3409 E. 


18th, Kansas City, Mo. 
Permutit Co., 330 Ww. 42nd St., 
New York City 
Phipps & Bird i. 915 E. Cary 
St., Richmond, Va. 
Proportioneers, Inc., 9 Codding 
St., Providence, R. I. 
Roberts Filter Mfg. Co., Darby, 


Wallace & i ae Co., Ine., 
Newark, N. 

Wilson ae, "Feeders, Inc., 110 
Washington St., Buffalo, N. Y. 


FERRIC SULFATE 
Monsanto Chemical Co., St. Louis, 


Mo. 

Monsanto Chemical Co. Merrimac 
Div., Boston, Mass. 

L. A. Salomon & Bro., 216 Pearl 


St., New York City. 
Tennessee Corp., 621 Grant Ridg 
Atlanta, Ga., & Lockland, O. 
FERROUS SULPHATE 
General Chemical Co., 
St., New York City. 


40 Rector 











Innis, Speiden & Co., 117 Liberty 
St., New York City. 


FILTER-AIDS 
Johns-Manville, 22 E. 40th St., New 
York City. (Celite.) 
L. A. Salomon & Bro., 216 Pearl 
St.. New York City. 
Simplex Valve & Meter Co., 68th 
& Upland Sts., Philadelphia, Pa. 


FILTER CLEANING PROCESS 
Koberts Filter Mfg. Co., Darby, Pa. 
Virginia Smelting Co., West Nor- 

folk, Va. 

FILTER CLOTHS 
(Cotton, Wool & Jute) 

Ross Valve Mfg. Co., P. O. Box 
595, Troy, N. Y. 

FILTERING EQUIPMENT 

The American Well Works, Aurora, 


Builders-Providence, Inc., 9 Codding 
St., Providence, R. 

Chain Belt Co.., Milwaukee, Wis. 

R. D. Cole Mfg. Co., Newnan, Ga. 

Everson Filter Service Co., 214 W. 
Huron St., Chicago, Ill. 

Graver Tank & Mfg. Co., Inc., 
East Chicago, Ind. 

Infileo, Inc., 325 W. 25th Pl., Chi- 
eago, Ill. 

Lakeside Engrg. Corp., 222 W. 
Adams St., Chicago, Ill. 

Laughlin Equipment Corp., 270 Mad- 
ison Ave., New York City. 

Municipal Service Co., 532 Dwight 
Bidg., Kansas City, Mo. 

Permutit Co., 330 W. 42nd St., New 
York City. 

Pittsburgh-Des Moines Steel Co., 
Pittsburgh, Pa. 

Proportioneers, Inc., 9 Codding 

t., Providence, R. I. 

Roberts Filter Mfg. Co., Darby, Pa. 

Simplex Valve & Meter Co., 68th 
and Upland Sts., Philadelphia, Pa. 

Underpinning & Foundation Co., 
Inc., 155 E. 44th St., New 
York City (For Sewage) 

Ww aa Pump & Machinery 
Corp., Harrison, N. 


FILTER PLATES AND “TUBES 
Carborundum Co., Niagara Falls, 


FILTER RATE CONTROLLERS 
& GAGES 


(See Rate Controllers.) 


FILTER & WATER SOFTENING 

PLANTS (COMPLETE) 

Chain Belt Co., Milwaukee, Wis. 

R. D. Cole Mfg. Co., Newnan, Ga. 

Graver Tank & Mfg. Co., Inc., 
East Chicago, Ind. 

Infileo, Inc., 325 W. 25th Pl., Chi- 
eago, Ill. 

Lakeside Engrg. Corp., 222 W. 
Adams St., Chicago, IIl. 

Laughlin Equipment Corp., 270 Mad- 
ison Ave., New York City. 

Municipal Service Co., 532 Dwight 
Bldg., Kansas City, Mo. 

Permutit Co., 330 W. 42nd St., New 
York City. 

Pittsburgh-Des Moines Steel Co., 
Neville Island P. O., Pittsburgh, 


‘a. 

Proportioneers, Inc., 9 Codding 
St., Providence. R. I. 

Roberts Filter Mfg. Co., Darby, Pa. 

Worthington Pump & Machinery 
Corp., Harrison, N. J. 

Zeolite Chemical Co., 140 Cedar St., 
New York City. 


FILTER UNDERDRAINS 
& PLATES) 
Armco Drainage Products Assn., 
Middletown, Ohio. 
Carborundum Co., Niagara Falls, 


(PIPE 


Me Es 

Cast Iron Pipe Research Assn., 122 
S. Michigan Ave., Chicago, Ill. 

Graver Tank & Mfg. Co., Inc., 
East Chicago, Ind. 

Infilco, Ine., 325 W. 25th Pl., Chi- 
eago, Ill. 

Municipal Service Co., — Dwight 
ldg., Kansas City, Mo. 

Permutit Co., 330 W. 42nd St., New 
York City. 

Roberts Filter Mfg. Co., Darby, Pa. 

FILTER WASH CONTROL 

Builders-Providence, Inc., 9 Codding 
St., Providence, R. I. 

Graver Tank & Mfg. Co., Inc., 
East Chicago, Ind. 

Infileo, Ine., 325 W. 25th Pl., Chi- 
eago, Ill. 

Permutit ay 330 W. 42nd St., New 
York Cit 

Simplex Vaive & Meter Co., 68th 
& Upland Sts., Philadelphia. Pa. 


FILTER SAND 

Everson Mfg. Co., 
St., Chicago, Ill. 

Graver Tank & Mfg. Co., Inc., 
East Chicago, Ind. 

Infilco, Inc., 325 W. 25th Pl., Chi- 
eago, Ill. 

Lakeside Engrg. Corp., 222 W. 
Adams St., Chicago, Ill. 


214 W. Huron 











Laughlin Equipment Corp., 270 Mad- 
ison Ave., New York City. 

Municipal Service Co., 532 Dwight 
Bidg., Kansas City, Mo. 

Permutit Co., 330 W. 42nd St., New 
York City. 

Roberts Filter Mfg. Co., Darby, Pa. 

Zeolite Chemical Co., 140 Cedar St., 
New York City. 


FITTINGS, PIPE, SOLDER TYPE 
American Brass Co., Waterbury. 
Conn. 
American Smelting and Refining 
Co., 120 Broadway, N. Y. C. 
Crane Co., 836 8. “Michigan Ave., 
Chicago, Il. 

Mueller Brass Co., Port Huron, 
Mich. 

FITTINGS, TEES, ELLS, ETC. 

American Brass Co., Waterbury, 
Conn. 

American Cast Iron Pipe Co., 
Birmingham, Ala. 

Americ - Smelting and Refining 
Co., 120 Broadway, N. Y. 

Builders- Providence, Inc., 9 Codding 
St., Providence, R. 

Carson-Cadillac Corp., 

a. 

Crane Co., 836 S. Michigan Ave., 
Chicago, Ill. 

Dresser Mfg. Co., Bradford, Pa. 

M & H Valve & Fittings Co., An- 
niston, Ala. 

Mueller Brass Co., Port Huron, 
Mich. 

Mueller Co., Decatur, III. 

Pittsburgh Equitable Meter Co.. 400 
Lexington Ave., Pittsburgh. Pa. 

U. 8S. at & Foundry Co., Burling- 
ton, N. J 

Warren Foundry & Pipe ra ie. BB 
Broadway, New York Cit 

R. D. Wood Co., 400 at ‘st., 
Philadelphia, Pa. 

FLASH MIXING EQUIPMENT 

Ralph B. Carter Co., 53 Park PI., 
New York City. 

Chain Belt Co., Milwaukee, Wis. 

a es An Co., Niagara Falls, 


2349 Wolfram 


Birmingham, 


Chicago Pump Co., 
St., Chicago, Ill. 

Dorr Co., 570 Lexington Ave., New 
York City. 

Graver Tank & Mfg. Co., Ine., 
Fast Chicago, Ind. 

Infileo, Inc., 325 W. 25th Pl., Chi- 
eago, Ill. 

Jeffrey Mfg. Co., Columbus, Ohio. 

Lakeside Engrg. Corp., 222 W. 
Adams St., Chicago, II1. 

Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia, Pa. 

Municipal Service Co., 532 Dwight 
Bldg., Kansas City, Mo. 

Permutit Co.. 330 W. 42nd St.. 
New York City. 

Roberts Filter Mfg. Co., Darby, Pa. 

Vogt Mfg. Co.. Louisville, Ky. 

FLEXIBLE JOINTS 
(See Joints, Flexible Pipe.) 


FLOATING COVERS 
Pacific Flush Tank Co., 4241 Ra- 
venswood Ave., Chicago, Ill. 


FLOCCULATING EQUIPMENT 
The American Well Works, Aurora, 


Carborundum Co., Niagara Falls, 


Ralph B. Carter Co., 53 Park PI., 
New York City 

Chain Belt Co., arr Wis. 

Chicago Pump Co., 2349 Wolfram 
St., Chicago, Il. 

Dorr Co., 570 Lexington Ave., New 
York City. 

Graver Tank & Mfg. Co., Inc., 
East Chicago, Ind. 

Infileo, Inc., 325 W. 25th PI., Chi- 
eago, Ill. 

Jeffrey Mfg. Co., Columbus, Ohio. 

Lakeside Engrg. Corp., 222 W. 
Adams St., Chicago, Ill. 

Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia, Pa. 

Municipal Service Co., 532 Dwight 
Bldg., Kansas City, Mo. 

Omega Mach. Co., Inc., 4010 Penn 
Ave., Kansas City, Mo. 

Permutit Co., 330 W. 42nd St., 
New York City. 

Proportioneers, Inc., 9 Codding St., 
Providence, R. I. 

Roberts Filter Mfg. Co., Darby, Pa. 

Vogt Mfg. Co., Louisville, Ky. 

Wallace & ‘Tiernan Co., Ine., 
Newark, 

Wilson Chemical Feeders, Inc., 
Buffalo, N. Y. 


FLOOR STANDS 

Crane Co., 836 S. Michigan Ave., 
Chicago. Ill. 

Iowa Valve Co., Hubbell Bldg.. 
Des Moines, Iowa (Manually and 
Electrically Operated) 

Ludlow Valve Mfg. Co., Troy, 


Mm Se 

M&H My & Fittings Co., An- 
niston, 

Mueller Co., Chattanooga; Tenn. 














National Machine Works, 1559 N. 
Sheffield Ave., Chicago, Il], 
Pittsburgh Equitable Meter Co., 400 
Lexington Ave., Pittsburgh,’ Pa, 
Rensselaer Valve Co., Troy, N. Y. 
The A. P. Smith Mfg. Co., 545 N, 
7 oe Ave. var Orange, N. J. 
ogt rothers Co., 

ville, Ky. xs Lovie. 
R. D. Wood Co.. Philadelphia, Pg. 


FLOW METERS 

Bailey Meter Co., 1072 Ivanhoe Ra 
a narelans. Ohio. 2 

rag Providence, Inc., 9 Cod 
Providence, R. I ~ 

sessions & Co., thy 50 Ch 
St., New York City. — 
Roots- Connersville 
Connersville, Ind, 
Simplex Valve & Meter Co., Phila- 


Blower Corp, . 


delphia, Pa. 
R. W. Sparling, Box 3277 Terminal 
Annex, Los ‘Angeles, Calif. 


FLOW RECORDERS 
Bailey Meter Co., 1072 Ivanhoe Rd., 
Cleveland, Ohio. 
F. S. Brainard & Co., 246 Palm St., 
Hartford, Conn. 
Builders- Providence, Inc., 9 Codding 
St., Providence, & 


Infilco, Inc., 325 W. 25th Pl., Chi- 
eago. Ill. 

Northrop & Co., Ine., 50 Church 
St., New York City. 

Permutit Co., 330 W. 42nd St., 


New York City. 

Simplex Valve & Meter Co., Phila- 
delphia, Pa. 

R. W. Sparling, Box 3277 Terminal 
Annex, Los Angeles, Calif. 

FLOW REGULATORS 

Bailey Meter Co., 1072 Ivanhoe 
Rd., Cleveland, Ohio. 

Builders-Providence, Inc., 9 Codding 
St., Providence, R. I. 

Hagan Corp., 
burgh, Pa. 

Infilco, —% 
cago, 

Permutit zx. 330 W. 42nd St., New 
York City. 

Roberts Filter Mfg. Co., Darby, Pa. 

Simplex Valve & Meter Co., 68th 
& Upland Sts., Philadelphia, Pa. 

FLUMES, IRON & STEEL 

Armco Drainage — Assn., 
Middletown, Ohio. 

Chicago Bridge & Iron Company, 
2198 McCormick Bldg., Chicago, 


Ill. 
Graver Tank & Mfg. Co., Ine., 
East Chicago, Ind. 
Pittsburgh-Des Moines Steel Co., 
Pittsburgh, Pa. 


FOOT VALVE WITH STRAINER 

Crane Co., 836 S. Michigan Ave., 
Chicago, Ill. 

Edson Corp., 49 D St., So. Boston, 
Mass. 

Iowa Valve Co., Hubbell Bldg., 
Des Moines, Iowa. 

Ludlow Valve Mfg. Co., Troy, N. Y. 

Mueller Co., Chattanooga, Tenn. 

R. D. Wood Co., 400 Chestnut St., 
Philadelphia, Pa. 


FORMS 2 GASKETS FOR 
PIPE JOINTS 
Johns-Manville, 22 E. 40th St.. 

New York City. 
L. A. Weston, Adams, Mass. 
FURNACES, MELTING, POUR- 
ING LADLES, POTS, ETC. 
Atlas Mineral Products Co., Mertz- 
town, Pa. 

Crane Co., 836 S. Michigan Ave., 
Chicago, IIl. 

Hydraulic Development Corp., 50 
Church St., New York City. 

Mueller Co., Decatur, IIl. 


Hagan Bldg., Pitts- 
325 W. 25th Pl., Chi- 


Jos. G. Pollard Co., Ine., 151 
Ashland Pl., Brooklyn, N. Y. 
GARBAGE DISPOSAL 
APPARATUS 


Carborundum Co., Perth Amboy, 


N. J. 
Chain Belt Co., Milwaukee, Wis. 
Gruendler Crusher & Pulverizer Co., 
2915 N. Market St., St. Louis, 


Mo. 
Jeffrey Mfg. Co., Columbus. Ohio. 
Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia, Pa. 
Nichols Engr. & Research Corp., 60 
Wall Tower, New York City 
Pittsburgh-Des Moines Steel Co., 
Pittsburgh, Pa. 
Underpinning & Foundation Co., 155 
E. 44th St., New York City. 
GAS DIFFUSERS 
Carborundum Co., Niagara Falls, 


Me me 
Dorr Co., 570 Lexington Ave., New 
York City. 
Vogt Mfg. Co., Louisville, Ky. 
GAS HOLDERS 
Chicago Bridge & Iron Company, 
2198 McCormick Bldg., Chicago 


Ill. 
Graver Tank & Mfg. Co., Inc., 
East Chicago, Ind. 










Ze 


GRI 


ae wo 


mia, 








pittsburgh-Des Moines Steel Co., 
Pittsburgh, Pa. 


PUMPS 
a Pumps, Gas) 


GAS PURIFICATION 
Connelly Iron Sponge and Governor 
Co., 3154 So. California Ave., Chi- 
cago, Ill. 
GAS REGULATORS 
(Pressure & Flow) 
(See Regulators—Water & Gas) 
ES, SHEAR 
a Co., 836 8S. Michigan Ave., 
Chicago, Ill. 
Iowa Valve ©Co., Hubbell Blidg., 
Des Moines, Iowa. 
Ludlow Valve Mfg. Co., Troy, N. Y. 
M & H Valve & Fittings Co., 
Anniston, Ala. 
Mueller Co., Chattanooga, Tenn. 
National Machine Works, 1559 N. 
Sheffield Ave., Chicago, Ill. 
Vogt Brothers Mfg. Co., Louis- 
ville, Ky. 
D. W a Co., 400 Chestnut St., 
Philadelphia, Pa. 
GATES, SLUICE 
Armco Drainage Products Assn., 
Middletown, Ohio 
Crane Co., 836 S. Michigan Ave., 
Chicago, Ill. 
Iowa Valve Co., Hubbell Blidg., 
Des Moines, Iowa. 
Ludlow Valve Mfg. Co., Troy, N. Y. 
Mueller Co.. Chattanooga, Tenn. 
National Machine Works, 1559 N. 
Sheffield Ave., Chicago, IIl. 
GATE VALVE HOUSING 
“ YTowa Valve Co., Hubbell Bldg., 
Des Moines, Iowa. 
Ludlow Valve Mfg. Co., Troy. N. Y. 
Northrop & Co., I 60 Church 
St., New York City. 
Rensselaer Valve Co., Troy, N. Y. 
GATE VALVES 
(See Valves, Gate.) 
GAUGES (Liquid Level, 
Recording) 
Bailey Meter Co., 1072 Ivanhoe 
Rd., Cleveland, Ohio. 
Builders-Providence, Inc., 9 Codding 
St., Providence, I 
325 W. Chi- 


Pressure 


Infileo, Inc., 25th Pl., 
cago, 

Northrop & Co. .. Inc., 50 Church 
St., New York City (Pressure) 

Simplex Valve & Meter Co., 68th 
& Upland Sts., Philadelphia, Pa, 

Wallace & Tiernan Co., Ince., 
Newark. 


GEARS, SPEED REDUCING 
De Laval Steam Turbine Co., Tren- 


ton, N. J. 
Jeffrey Mfg. Co., Columbus, Ohio. 
Link-Belt Co., W. Hunting 


204 
Park Ave., ‘Philadelphia, Pa. 
Worthington Pump & Machy. 
Corp., Harrison, N. J. 
GENERATORS, SETS, ELECTRIC 
& DIESEL ENGINES 
De Laval Steam Turbine Co., 
Trenton, N. J. 
Fairbanks, Morse & Co., 600 S. 
Michigan Ave., Chicago, Ill. 
Homelite Corp., Port Chester, N. Y. 


(Gasoline Engine Driven and 
Portable.) 
Northrop & Co., Inc., 50 Church 


St., New York City (Gasoline 
Driven Portable) 
Worthington Pump a Machy. 
Corp., Harrison, N. J. 
GOOSENECKS 
836 S. Michigan Ave., 
Chicago, Iil. 
Mueller Co., Decatur, I] 
Northrop & Co., Inc., 50 Church St., 
New York City. 
GREEN: SAND (Zeolite) 


Graver Tank & Mfg. Co., Inc., 
East Chicago, Ind. 

Infileo, Ine., 325 W. 25th Pl., Chi- 
eago, Ill. 

Lakeside Engineering Corp., 222 W. 
Adams St., Chicago, IIl. 

Permutit Co., 330 W. 42nd St., New 


York City. 

Roberts Filter Mfg. Co., Darby, Pa. 

Zeolite Chemical Co., 140 Cedar St., 
New York City. 

GRINDERS 

Chain Belt Co., Milwaukee, Wis. 

Dorr Co., 570 Lexington Ave., New 
York City. 

Gruendler Crusher & Pulverizer Co., 
2915 N. Market St., St. Louis,Mo. 

Jeffrey Mfg. Co., Columbus, Ohio. 


GRIT CHAMBER EQUIPMENT 
as aeons Well Works, Aurora, 
1 


Chain Belt Co., Milwaukee, Wis. 

Dorr Co., 570 Lexington Ave., New 
York City. 

Graver Tank & Mfg. Co., Inc., 
East Chicago, Ind. 

Jeffrey Mfg. Co.. Columbus. Ohio. 

Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia, Pa. 


HAMMERS, 
FACE 








REPLACEABLE 


Greene. Tweed & Co., Bronx Blvd. 
at 238th St., New York City. 


HOSE, STEAM, AIR, WATER, 
SUCTION 


Co., Waterbury, 
So. Boston, 


American Brass 
Conn. 
— Corp., 49 D S8t., 


ass. 
Gardner-Denver Co., Quincy, Ill. 
Northrop & Co., Inc., 50 Church 
St., New York Cit ty. 
Schramm, Inc., West Chester, Pa. 


HYDRANT PUMPS 


(See Pumps, Hydrant.) 


HYDRANTS (FIRE 


) 

Crane Co., 836 8. Michigan Ave., 
Chicago, Ill. 
Iowa Valve Co., Hubbell Bldg., 

Des Moines, Ia. 
Ludlow Valve Mfg. Co., Troy, 
M & H Valve & ittinge. =< 
A.wniston, Ala, 
Mueiler Co., Decatur, Ill. 
National Machine Works, 
Sheffield Ave., Chicago, IIl. 
Rensselaer Valve Co., Troy, N. Y. 
The A. P. Smith Mfg. Co., 545 N. 
Arlington Ave., E. Orange, N. J. 
Vogt Brothers Mfg. Co., Louisville, 


Ky. 
R. D. Wood Co., 400 Chestnut St., 
Philadelphia, Pa. 


1559 N. 


HYDRAULICALLY OPERATED 


GATE VALVES 

Crane Co., 886 S. Michigan Ave., 
Chicago, Tl. 

Iowa Valve Co., Hubbell Bldg., 
Des Moines, Ia, 

Ludlow \alve Mfg. Co., Troy. N. 

M & H Valve & Fittings eo: 
Anniston, Ala. 

Mueller Co., Chattanooga, Tenn. 

National Machine Works, 1559 N. 
Sheffield Ave., Chicago, Ill. 

Rensselaer Valve Co., Troy, N. Y. 

The A. P. Smith Mfg. Co., 545 N. 
Arlington Ave., E. Orange, N. J. 

R. D. Wood Co., 400 Chestnut 
St., Philadelphia, Pa. 

HYDROGEN ION EQUIPMENT 

Graver Tank & Mfg. Co., Inc., East 
Chicago, Ind. 

Hellige, Inc., 3718 a rae Blvd., 
Long Island City, 


Permutit Co., 330 Ww. Maat St., New 
won City. 
. A. Taylor & Co., 7300 York 


af Baltimore, Ma. 

Wallace & Tiernan Co., Inc., New- 
ark, N. J. 

Wilson Chemical Feeders, Inc., 110 
Washington St., Buffalo, N. Y. 

HYPO-CHLORIN. ATORS 

Everson Filter Service Co., 214 W. 
Huron St., Chicago, Ill. 

Graver Tank & Mfg. Co., 
East Chicago, Ind. 

Infileo, Inc., 325 W. 25th PL., 
eago, Ill. 

Municipal Service Co., 532 Dwight 
Bldg., Kansas City, Mo. 

Omega Mach. Co., Inc., 4010 Penn 
Ave., Kansas City, Mo. 

Permutit Co., 330 W. 42nd St., 
York City. 

Phipps & Bird, Inc., 915 E. Cary 
St., Richmond, Va. 

Proportioneers, Inc. , 9 Codding St., 
Providence, R. 

bake 29 & Tiernan Co., Newark, 


Wilson Chemical Feeders, Inc., 110 
Washington St.. Buffalo, N. Y. 
HYPOCHLORITES (High Test) 
(See Calcium Hypochlorite) 
INCINERATORS 
Dorr Co., Inc., 570 Lexington Ave., 
New York City. 
Nichols Engr. & Research Corp., 
60 Wall Tower, New York 


Steel Co., 


Inc., 
Chi- 


New 


City. 
Pittsburgh- ?— Moines 
Pittsburgh, Pa. 
Uniecpsaatas & Foundation Co., 155 
44th St.. New York City. 
INDICATOR POSTS 
Crane Co., 836 8S. Michigan Ave., 
Chicago, Ill. 
Iowa Valve Co., Hubbell Bldg., 
Des Moines, Iowa. 
Ludlow Valve Mfg. Co., Troy, N. Y. 
& H Valve & Fittings Co., 
Anniston, Ala. 
Mueller Co., Chattanooga, Tenn. 
Rensselaer Valve Co., Troy, N. Y. 
The A. P. Smith Mfg. Co., 545 N. 
Arlington Ave., E. Orange, N. J. 
R. D. Wood Co., 400 Chestnut St., 
Philadelphia, Pa. 


INDICATORS, LARGE DIAL, 
ILLUMINATED 
Bailey Meter Co., 1072 Ivanhoe 
Rd., Cleveland, 

Builders- Providence, Inc., 9 Codding 
St., Providence, R. I. 

Infilco, Inc., 325 W. 25th Pl., Chi- 
cago, Ill. 

Simplex Valve & Meter Co., 68th & 

Upland Sts., Philadelphia, Pa. 





R. W. Sparling, Box 3277 Terminal 
Annex, Los Angeles, Calif. 


INSULATION 


a Co., Perth Amboy, 

Ford Meter Box Co., Wabash, Ind. 
(Water Meter). 

Johns-Manville, 22 E. 40th St., New 
York City. 

Quigley Co., Inc., 56 W. 45th St., 
New York City. 


[RON SULPHATE 


Innis, Speiden & Co., 117 Liberty 
St., New York City. 
JOINTING COMPOUND 
Atlas Mineral Prod. Co., Mertz- 
town, Pa. 
Hydraulic Development Corp., iv 
Church St., New York City. 


Leadite Co., Philadelphia, Pa. 

Pacific Flush Tank Co., 4241 Ra- 
venswood Ave., Chicago, Ill. 

Penn. Salt Mfg. Co., 1000 Widener 
Bldg., Philadelphia, Pa, 

Quigley Co., Inc., 56 W. 45th St., 
New York City. 

Reilly Tar & Chemical Co., Mer- 
— Bank Bldg., Indianapolis, 
nd. 


JOINTS, EXPANSION—PIPE 


Amer. Cast Iron Pipe Co., Bir- 
mingham, Ala. 

Cast Iron Pipe Research Assn., 122 
S. Michigan Ave., Chicago, Ill. 

Crane Co., 6 S. Michigan Ave., 
Chicago, Ill. 

Dresser Mfg. Co., Bradford, Pa. 

Lock Joint Pipe Co., Ampere, 

Bur- 


N. J. 

. S. Pipe & Foundry Co., 
lington, N. J. 

Warren Foundry & Pipe Co., 11 
Broadway, New York City. 

R. D. Wood Co., 400 Chestnut St., 
Philadelphia, Pa. 


JOINTS, FILLER 


Reilly Tar & Chemical Co., Mer- 
chants Bank Bldg., Indianapolis, 
Ind. 


JOINTS, FLEXIBLE PIPE 


American Cast Iron Pipe Co., Bir- 
mingham, Ala. 

Cast Iron Pipe Research Assn., 122 
S. Michigan Ave., Chicago, Ill. 
Central Foundry Co., 386 Fourth 

Ave., New York City. 


Chicago Pump Co., 2349 Wolfram 
St., Chicago, Ill. 

Crane Co., 836 S. Michigan Ave., 
Chicago, Ill. 

Dresser Mfg. Co., Bradford, Pa. 


ae ve Pipe Co., Ampere, 


Pittsburgh Equitable Meter Co., 400 
Lexington Ave., Pittsburgh, Pa. 
U. S. Pipe & Foundry Co., Burling- 

ton, N. J. 
Warren Foundry & Pipe Co., 11 
Broadway, New York City. 


JOINTS, MECHANICAL (FLEXI- 
BLE) 


American Cast Iron Pipe Co., Bir- 
mingham, Ala. 
sy - -emmeeaaiaae Corp., Birmingham, 
a 


Cast Iron Pipe Research Assn., 122 
S. Michigan Ave., Chicago, Ill. 
Central Foundry Co., 386 Fourth 

Ave., New York City. 
Crane Co., 836 S. Michigan Ave., 
Chicago, Ill. 
Dresser Mfg. Co., Bradford, Pa. 
Pittsburgh Equitable Meter Co., 400 
Lexington Ave., Pittsburgh, Pa. 
U. S. Pipe & Foundry Co., Burling- 
ton, N. 

Warren Foundry & Pipe Co., 11 
Broadway, New York City. 
Weston’s Gaskets & Forms, Adams, 

Mass. 
R. D. Wood Co., 400 Chestnut St., 
Philadelphia, Pa. 


JOINTS, RUBBER RING 
a H. Hyde, Box 1, Campbell, 
a 
Water & Sewer Equip. Co., Rome, 


JUTE, BRAIDED AND TWISTED 
Atlas Mineral Prod. Co., Mertztown, 


Pa. 

Crane Co., 836 S. Michigan Ave., 
Chicago, Ill. 

Hydraulic Development Corp., 50 
Chureh St., New York City. 

Johns-Manville, 22 E. 40th St., New 
York City. 

Jos. G. Pollard Co., Ine., 161 
‘Ashland Pl., Brooklyn, N. Y. 


LABORATORY APPARATUS 
Carborundum Co., Niagara Falls, 


Ms Se 
Chemlab Specialties Co., 52 Alva- 
rado Road, Berkeley, Calif. 
Hellige, Inc., 3718 Northern Blvd., 
Long Island City, N. Y. 
E. — 730 Fifth Ave., New York 
ity. 
Omega Mach. Co., Inc., 3409 E. 
18th, Kansas City, Mo. 


tr ogee FR 











Phipps & Bird, Inc., 915 E. Cary 
St., Richmond, Va. 

Wallace & Tiernan Co., 
ark, N. J. 

Wilson Chemical Feeders, Inc., 110 
Washington St., Buffalo, N. Y. 


Inc., New- 


es ppcazase INSTRU- 


(See Water Leak Locating Instru- 
ments) 


LIQUID CHLORINE 


(See Chlorine, Liquid.) 


LIME 


National Lime Assn., 927 Fifteenth 
St. N. W. Washington, D. C. 
OILS 
GREASES 
Macmillan Petroleum Corp., 530 W. 
Sixth St., Los Angeles, Calif. 


MANHOLE CUSHIONS 


(anti-Rattle) 


Tapax Mfg. Co., Mamaroneck, 


N. Y. 
Turbine Sewer Machine Co., 


Inc., 
5210 W. State St., Milwaukee, 
Wis. 
MANOMETERS 


Bailey Meter Co., 1072 Ivanhoe Rd., 
Cleveland, Ohio. 

Builders-Providence, Inc., 9 Codding 
t., Providence, R. I. 

Connelly Iron Sponge and Governor 
Co., 3154 S. California Ave., Chi- 
cago, Ill. 


Graver Tank & Mfg. Co., Inc., 
East Chicago, Ind. 
Infileo, Inc., 325 W. 25th Pl., Chi- 


eago, Ill. 
Lakeside Engineering Corp., 222 W. 
Adams St., Chicago, Ill. 
Simplex Valve & Meter Co., 68th & 
Upland Sts., Philadelphia. Pa. 
Vapor Recovery Systems Co., 2820 

N. Alameda St., Compton, Calif. 


were no ao BOXES, 


HOU 

Badger Meter Co., Milwaukee, Wis. 

F. S. Brainard & Co., 246 Palm S8t., 
Hartford, Conn. 

Ford Meter Box Co., Wabash, Ind. 

Mueller ag Decatur, Ill. 

Northrop & Co., red 50 Church 
St., New York Cit 

Pittsburgh Equitable Beer Co., 400 
Lexington Ave., Pittsburgh, Pa. 


METER COUPLINGS & YOKES 
Badger Meter Mfg. Co., Milwaukee, 


Wis. 

Crane Co., 836 S. Michigan Ave., 
Chicago, Ill. 

Ford Meter Box Co., Wabash, Ind. 

Mueller Co., Decatur, Ill. 

Neptune Meter Co., 50 West 50th 
St., New York City. 

Northrop & Co., Inc., 50 Church 
St., New York City. 

Pittsburgh Equitable Meter Co., 400 
Lexington Ave., Pittsburgh, Pa. 

METERS, GAS 

Bailey Meter Co., 1072 Ivanhoe 
Rd., Cleveland, O. 

Builders- Providence, Inc., 9 Codding 
St., Providence, R. I. 

Pittsburgh Equitable Meter Co., 400 
Lexington Ave., Pittsburgh, Pa. 


Roots-Connersville Blower’ Corp., 
Connersville, Ind. 

Simplex Valve & Meter Co., 68th 
& Upland Sts., Philadelphia, Pa. 

METERS, PITOT 

Pitometer Co., 50 Church St., New 
York City. 

Simplex Valve & Meter Co., 68th & 


Upland Sts., Philadelphia, Pa. 


METER TESTING EQUIPMENT 
Beant Meter Mfg. Co., Milwaukee. 
8 


Ford Meter Box Co., Wabash, Ind. 

Mueller Co., Decatur, I1l. 

National Meter Division of Pitts- 
burgh Equitable Meter Co., 4259 
First Ave., Brooklyn, N. Y. 

Neptune Meter Co., 50 W. 50th St.. 
New York City. 

Northrop & Co., Inc., 50 Church 
St., New York City 

Pittsburgh Equitable Meter Co., 400 
Lexington Ave., Pittsburgh, Pa 

The A. P. Smith Mfg. Co., 545 N. 
Arlington Ave., E. Orange, N. J. 

Worthington -Gamon Meter Co., 
Newark, N. J. 


METERS, VENTURI 
Bailey Meter Co., 1072 Ivanhoe Rd., 
Cleveland, Ohio. 
Builders-Providence, Inc., 9 Codding 
t., Providence, I 


Infileo, Inc., 325 W. 25th Pl., Chi- 
cago, 
Simplex Vaive & Meter Co., 68th & 


Upham 8Sts., Philadelphia, Pa. 


METERS, WATER & SEWAGE 
~— Meter Mfg. Co., Milwaukee, 


is. 
Bailey Meter Co., 1072 Ivanhoe Rd., 
Cleveland, Ohio. 
Builders-Providence, Inc., 9 Codding 
St., Providence, R. I. 
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Crane Co., 836 S. Michigan Ave., 
Chicago, Ill. 

Infileo, Inc., 323 W. 25th PIl., Chi- 
eago, Ill. 

National Meter Division of Pitts- 
burgh Equitable Meter Co., 4259 
First Ave., Brooklyn, N. Y. 

Neptune Meter Co., 50 W. Svth St.. 
New York City. 

Phoenix Meter Corp., Prince Bay. 
Staten Island, New York. 

Pittsburgh Equitable Meter Co., 400 
Lexington Ave., Pittsburgh, Pa. 

Proportioneers, Inc., 9 Codding 
St., Providence, -_ = 

Simplex Valve & Meter Cu., 68th & 
Upland Sts., Philadelphia, Pa 

The A. FP. Smith Mfg. Co., 45 N. 
Arlington Ave., E. Orange, N. J. 

R. W. Sparling, Box 3277 Terminal 
Annex, Los Angeles, Calif. 
Worthington - Gamon Meter Co., 
Newark, ) 


METER WASHERS , 
Mabbs Hydraulic Packing Co., 431 
S. Deurborn St., Chicago, II. 

MIXERS, CHEMICAL 
The American Well Works, Aurora, 
Ill. 
Carborundum Co., Niagara Falls, 
a = 


Ralph B. Carter Co., 53 Park 
Place, New York City. 

Chain Belt Co., Milwaukee. Wis. 

Chicago Pump Co., 2349 Wolfram 
t., Chicago, Il. 

Dorr Co., 570 Lexington Ave., New 
York City. 

Graver Tank & Mfg. Co., Inec., East 
Chicago, Ind. 

Gruendler Crusher & Pulverizer Co., 
2915 N. Market St., St. Louis. 
Mo. 

Infileo, Inc., 325 W. 25th PI., Chi 
eago, Ul. 

Jeffrey Mfg. Co.. Columbus, Ohi. 

Lakeside Engrg. Corp.., 222 W. 
Adams St., Chicago, Ill. 

Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelpbia. Pa. 

Municipal Service Co., 532 Dwight 
Bidg., Kansas City, Mo. 

Omega Mach. Co., Ine., 3409 E., 
18th, Kansas City, Mo. 

Permutit Co., 330 W. 42nd St., New 
York City. 

Roberts Filter Mfg. Co., Darby, Pa. 

Vogt Mfg. Co., Louisville. Ky. 

Wallace & ‘> nee Ge... Ine. 
Newark, N. 

Wilson Chemical ~~ ors, Inc., 110 
Washington St., Buffalo, N. Y. 


MIXERS, CONCRETE 
(See Concrete Mixers) 


MIXING EQUIPMENT 
(Water & Sewage) 
Ralph B. Carter Co., 53 Park 
Place, New York City. 
Dorr Co., Inc., 570 Lexington Ave., 
New York City. 
Graver Tank & Mfg. Co., Ine., 
East Chicago, Ind. 
Infileo, Inc., 325 W. 25th P1., Chi- 
eago, Ill. 
MOTOR STARTERS 
Clark Controller Co., 1146 E. 152nd 
St., Cleveland, Ohio. 


MOTORS, ELECTRIC 
Fairbanks, Morse & Co., 600 S. 
Michigan Ave., Chicago, II. 


NIPPLES, PIPE 

Crane Co., 836 8. Michigan Ave., 
Chicago, Il. 

Mueller Brass Co., Port Huron, 
Mich. 

NOZZLES, FLOW 

jailey Meter Co., 1072 Ivanhoe Rd., 
Cleveland, Ohio. 

suilders-Providence, Inc., 9 Codding 
St., Providence, R. I. 

Chain Belt Co., Milwaukee, Wis. 
Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia, Pa. 
Simplex Valve & Meter Co., 68th & 
Upland Sts., Philadelphia, Pa. 

NOZZLES, SPRAY 

Chain Belt Co., Milwaukee. Wis. 

Infileo, Inec., 325 W. 25th PIl., Chi- 
eago, Ill. 

Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia, Pa. 
Mueller Brass Co., Port Huron, 

Mich. 

Pacific Flush Tank Co., 4241 

Ravenswood Ave., Chicago, Ill. 
ODOR CONTROL 

Cloroben Corp., 90 Forrest St., 
Jersey City, N. J. 

Graver Tank & Mfg. Co., Ine., 
East Chicago, Ind. 

Industrial Chemical Sales Div., 
West Va. Pulp & Paper Co., 
230 Park Ave., New York City. 

Permutit Co., 330 W. 42nd St.. New 


York City. 

Wallace & Tiernan Co., Inc., New- 
ark, N. J 

Wilson Chemical Feeders. Ine. 110 
Washington St., Buffalo. N. Y. 





ODOR & CARBON EVALUATION 
AIDS 


Dareo Corp., 60 E. 42nd St., New 
York City. 

Industrial Chemical Sales  Div., 
West Va. Pulp & Paper Co., 230 
Park Ave., New York City. 

Proportioneers, Inc., 9 Codding St., 
Providence, R. 

L. A. Salomon & “Bro.. 216 Pearl 
St., New York City. 


OPERATING TABLES 

Infileo, Inc., 325 W. 25th Pl., Chi- 
eago, Ill. 

Municipal Service Co., 532 Dwight 
Bldg., Kansas City, Mo. 

Permutit Co., 330 W. 42nd St., New 
York City. 

Roberts Filter Mfg. Co., Darby, Pa. 

Simplex Valve & Meter Co., 68th 
& Upland Sts., Philadelphia, 
Pa. 


ORIFICES 
Bailey Meter Co., 1072 Ivanhoe Rd., 
Cleveland, Ohio. 
Builders-Providence, Inc., 9 Codding 
St., Providence, R. 
Simplex Valve & Meter Co., 68th & 
Upland Sts., Philadelphia, Pa. 


PACKING 
Crane Co., 836 S. Michigan Ave., 
Chicago, Ill. 

Hyde-ro Rings (Ralph H. Hyde), 
P. O. Box 1, Campbell, Calif. 
Johns-Manville, 22 E. 40th St., New 

York City. 
Northrop & Co., Inc., 50 Church 
St., New York City. 


PACKING, RAWHIDE 
Mabbs Hydraulic Packing Co., 431 
S. Dearborn S8t., Ohicago, Ill. 


PACKING RINGS 
Water & Sewer Equip. Co., Rome, 
We us 
PACKING, SELF LUBRICATING 
Greene, Tweed & Co., Bronx Blvd. 
at 238th St., New York City. 


PAINT, ACID RESISTING 

Atlas Mineral Prod. Co., Mertztown, 
Pa. 

General Paint Corp., 3091 Mayfield 
Rd.,. Cleveland, Ohio. 

Monsanto Chemical Co., St. Louis, 
Mo. 

Monsanto Chemical Co. Merrimac 
Div., Boston, Mass. 

Penn. Salt Mfg. Co., 1000 Widener 
Bldg., Philadelphia, Pa. 

Quigley Co., Inc., 56 W. 45th St., 
New York City. 

Reilly Tar & Chemical Co., Mer- 
— Bank Bidg., Indianapolis. 
Ind. 

ba mae Dove- permtten Corp., 

Westfield. N. 


PAINTS, TECHNICAL, 
Quigley Co.. Inc., 56 W. 45th St., 
New York City. 
Sherwood Waterproofing Corp., 
53 Park Pl., New York City. 
PENSTOCKS 
Chicago Bridge & Iron Co., 2198 
McCormick Bldg., Chicago, Il. 
R. D. Cole Mfg. Co., Newnan, Ga. 
Graver Tank & Mfg. Co., Inc., 
East Chicago, Ind. 
Pittsburgh-Des Moines Steel Co., 
Pittsburgh, Pa. 


pH CONTROL FEEDERS 

Infileo, Inc., 325 W. 25th PL., Chi 
eago, Ill. 

Proportioneers, Inc., 9 Codding St., 
Providence, R. T. 

Wilson Chemical Feeders, Inc., 110 
Washington St., Buffalo, N. Y. 

pH METERS & pH TESTERS 

Hellige, Ine., 3718 Northern Bivd., 
Long Island City. | ae 2 

E. Leitz. Inc., 730 Fifth Ave., New 
York City. | 

National Technical Laboratories, 
So. Pasadena, Calif. 

W. A. Taylor & Co.. 7300 York 
Road, Baltimore, Md. 

Wallace & Tiernan Co., Inc., New 
ark, N. J. 

Wilson Chemical Feeders, Inc.. 110 
Washington St., Buffalo, N. Y. 


PIPE, ACID PROOF 

American Cast Iron Pipe Co., Bir- 
mingham,. Ala. 

American Smelting and tefining 
Co., 120 Broadway, z.. . 

Cast Tron Pipe Research Assn., 122 
S. Michigan Ave., Chicago, — 

Clow & Sons, James B., 201 
Talman Ave., Chicago, Il. 

Crane Co., 836 8S. Michigan Ave., 
Chicago. Il. 

U. S. Pipe & Foundry Co., Burling- 
ton, N. J. 

Warren Foundry & Pipe Co., 11 
Broadway, we York City. 

R. D. Wood Co., Chestnut St., 
Philadelphia, *, 

A. Wvekoff & Son Co., Elmira, 
Be Es 








PIPE AND TANK COATINGS 

General Paint Corp., 3091 Mayfield 
Rd., Cleveland, Ohio. 

Reilly Tar & Chemical Co., Mer- 
chants Bank Bldg., Indianapolis, 
Ind. 

Wailes Dove-Hermiston Corp., 
Westfield, N. J. 


PIPE, ASBESTOS-CEMENT 
Johns-Manville Co., 22 EK. 40th St., 
New York City. 


PIPE, BRASS AND COPPER 
American Brass Co., Waterbury, 
Conn. 
Crane Co., 836 S. Michigan Ave., 
Chicago, Ill. 
Mueller Brass Co., Port Huron, 
Mich. 


PIPE, CAST IRON 
American Cast Iron Pipe Co., Bir- 
mingham, Ala. 
Cast Iron Pipe Research Assn., 122 
S. Michigan Ave., Chicago, II). 
Central Foundry Co. , 3886 4th Ave., 
New York City. 

Clow & Sons, James B.. 201 N. 
Talman Ave., Chicago, III. 

Crane Co., 836 S. Michigan Ave.. 
Chicago, Ill. 

U. 8. e & Foundry Co., Burling- 
ton, N. J 

Warren Foundry & Pipe Co., 11 
Broadway, New York City. 

R. D. Wood Co., 400 Chestnut St., 
Philadelphia, Pa. 


PIPE, CAST IRON SERVICE 
American Cast Iron Pipe Co., Bir- 
mingham, Ala. 

Cast Iron Pipe Research Assn., 122 
S. Michigan Ave., Chicago. III 
Clow & Sons, James B., 201 N. 

Talman Ave., Chicago, III. 
Crane Co., 836 8S. Michigan Ave., 
Chicago, Il. 
Warren Foundry & Pipe Co., 11 
Broadway, New York City. 


PIPE, CEMENT LINED 
American Cast Iron Pipe Co., Bir- 
mingham, Ala. 
A. S. G. Pipe Lining Co., 304 W. 
13 St., New York City. 
Cast Iron Pipe Research Assp., 122 
8S. Michigan Ave., Chicago. Il 
Cement Lined Pipe Co., 93 Brook- 
line St., Lynn, Mass. 

Central Foundry Co., 386 Fourth 
Ave., New York City. 

Crane Co., 836 S. Michigan Ave.. 
Chicago, Il. 

National Tube Co., Frick Blidg., 
Pittsburgh, Pa. 

U. 8S. Pipe & Foundry Co., Burling- 
ton, N. J. 

Warren Foundry & Pipe Co., 11 
Broadway, New York City. 

R. D. Wood Co., 400 Chestnut St., 
Philadelphia, Pa. 


PIPE, CEMENT LININGS 
A. S. G. Pipe Lining Co., 304 W. 
13 St., New York City. 
Cement Lined Pipe Co., 93 Brook- 
line St., Lynn, Mass. 
Centriline Corp., 140 Cedar St., 
New York City. 
Tate Pipe Linings, Inc., 47 Haver- 
hill St., Andover, Mass. 
PIPE, CONCRETE, PRESSURE 
—_ Joint Pipe Co., Ampere, 


i. ee 

Portland Cement Association, 33 

W. Grand Ave., Chicago, Ill. 
PIPE, COPPER 

American Brass Co., Waterbury, 
Conn. 

Crane Co., 836 S. Michigan Ave., 
Chicago, Ill. 

= Brass Co., Port Huron, 


Mueller Co. , Decatur, Ill. 
PIPE, CORRUGATED 
Armco Drainage Products Assn., 
Middletown, Ohio. 


PIPE, CULVERT 
Armco Drainage Products Assn., 
Middletown, Ohio. 
Cast Iron Pipe Research Assn., 
122 S. Michigan Ave., Chicago, 


Ill. 

Clark Controller Co., 1146 EB. 152nd 
St., Cleveland, Obio. 

Johns-Manville, 22 E. 40th St., 
New York City. 

Lock Joint Pipe Co., Ampere, N. J. 

Portland Cement Assn., 33 W. 
Grand Ave., Chicago, Ill. 

U. 8S. Pipe & Foundry Co., Bur- 
lington. N. J. 

Warren Foundry & Pipe Co., 11 
Broadway, New York City. 
R. D. Wood Co., 400 Chestnut 

St., Philadelphia, Pa. 
PIPE CUTTING MACHINES 
Crane Co., 836 S. Michigan Ave., 
Chicago, Ill. 
National Machine Works, 1559 N. 
Sheffield Ave., Chicago, II. 
Northrop & Co., Ine., 50 Church 
St., New York City. 








































































































































The A. P. Smith Mfg 


- Co., 5 N 
Arlington Ave., E. meee fa 


Orange, 
PIPE, DRILLS, JACKS 
Ae SHERS — 
orthrop & Co., In Z 
St., New York Cc “ity. %: Church 
Paris Mfg. Co., Paris, Il, 


PIPE ENAMELS, PRO 
COAL TA 4 TECTIVE— 
eneral Paint Corp., 309 
Rd., Cleveland, Oilo, » M*¥Seld 
Reilly Tar & Chemical Co., Mer. 
= Bank Bldg., Indianapolis, 
ne 
Wailes Dove-Hermisto 
Westfield, N. J. 


PIPE, we 3 WRAPPING 

Genera aint Corp., 3u91 
Rd., Cleveland, Ohio. “*#ela 
Johns-Manville, 22 2B. 40th St 
New York City. i 


PIPE FITTINGS 
American Cast Iron Pipe Co., Bir. 
mingham, Ala. 
American Smelting and Refining 
Co., 120 Broadway, N. Y. ¢, 
Builders-Providence, Inc., 9 Co¢ 
St., Providence, &. 1 * 
Carson-Cadillac Corp., Birmingham, 


n Corp., 


Ala. 
Cast Iron Pipe Research Assn., 122 
8S. Michigan Ave., Chicago, Til. 
Central Foundry Co., 386 Fourth 
Ave., New York City 

Clow and Sons, James i, 201 N., 
Talman Ave., Chicago, Ill. 

Crane Co., 836 S. Michigan Ave., 
Chicago, Ill. 

Dresser Mfg. Co., Bradford, Pa. 

M. & H. Valve & Fittings Co., 
Anniston, Ala. 

Mueller Brass Co., Port Huron, 
Mich. 

Mueller Co., Decatur, Ill. 

National Machine Works, 1559 N. 
Sheffield Ave., Chicago, I. 

Pittsburgh Equitable Meter Co., 400 
Lexington Ave., Pittsburgh, Pa. 

U. £&° Pipe & Foundry Co., Burling- 
ton, N. J. 

Warren Foundry & Pipe Co., 
Broadway, New York City. 
R. D. Wood Co., 400 Chestnut St., 

Philadelphia, Pa. 


Pee V Anise. LIGHT- 
(Quick Coupling, Transportable for 
Conveying Water) 
Champion Corp., Hammond, Ind. 


PIPE JOINT COMPOUNDS 

Atlas Mineral Products Co., Mertz- 
town, Pa. 

Crane Co., 836 S. Michigan Ave., 
Chicago, Ill. 

Hydraulic Development Corp., 50 
Church St., New York City. 

Leadite Co., Philadelphia, Pa. 

Pacific Flush Tank Co., 4241 
Ravenswood Ave., Chicago, Il. 

Quigley Co., Inc., 56 W. 45th St., 
New York City. 

Reilly Tar & Chemical Co., Mer- 
= Bank Bldg., Indianapolis, 
nd. 


PIPE JOINTS, MECHANICAL 
ene Corp., Birmingham, 
a. 

Cast Iron Pipe Research Assn., 
122 S. Michigan Ave., Chicago, 
Il. 

Crane Co., 836 S. Michigan Ave., 
Chicago. Ill. 

Dresser Mfg. Co., Bradford, F 
Pittsburgh Equitable Meter Co.. 400 
Lexington Ave., Pittsburgh, Pa. 
Warren Foundry & Pipe Co., 11 

Sroudway. New York City. 

L. A. Weston, Adams, Mass. 

U. S. Pipe & Foundry Co., Burling- 
ton, N. J. 


PIPE JOINT TOOLS 

Atlas Mineral Prod. Co., Mertz- 
town, Pa. 

Crane Co., 836 S. Michigan Ave., 
Chicago, Ill. 

Hydraulic Development Corp., 50 
Chureh St., New York City. 

Mueller Co., Decatur, Ill. 

Pacific Flush Tank Co., 4241 
Ravenswood Ave., Chicago, III. 
Jos. G. Pollard Co., Inc., 151 

Ashland Pl., Brooklyn, N. Y 
PIPE, LEAD LINED 
Crane Co., 836 8S. Michigan Ave., 
Chicago, Ill. 
PIPE LOCATORS . 
Aqua Survey & Instrument Co., 1409 
Marlowe Ave., Cincinnati, Ohio. 
Frank N. Blake, North Adams, 
Mass. 
S. F. Ferguson, Meso Hotel 
Bldg., Newark, 
Northrop & Co., phe ., 50 Church 
St,. New York City 
Jos. G. Pollard oo. “Inc., 151 
Ashland Pl., Brooklyn, N. Y. 
Water Leak Detector Co., 166 N. 
Third St., Columbus, Ohio. 





¢ 





PIPE PUSHERS 


New York City. 


SEWER 


St.. 
PIPE, 


mingham, Ala. 


Middletown, Ohio. 


Ave., New York City. 


Talman Ave., Chicago, . Ill. 


forced Concrete) 
U. S. Pipe 
ton, N. J 


Broadway, New York City. 
R. D. Wood Co., 
St.. Philadelphia, Pa. 
A. Wyckoff & Son Co., 
y. ¥. 


PIPE, STEEL 


dletown, Ohio. 


Chicago. Ill. 
R. D. Cole Mfg. Co., 
National Tube Co., 

Pittsburgh, Pa. 
Pittsburgh-Des 

Pittsburgh, P 


PIPE, SUBAQUEOUS 


Newnan. Ga. 


mingham, Ala. 


8S. Michigan Ave., 
Johns-Manville, 
New York City. 
Lock Joint Pipe Co., 
U. S. Pipe & 
lington, N. 
Warren Foundry 
Broadway, New 
R. D. Wood Co., 
Philadelphia, 
PIPE TAPPING 


Chicago, 
Ampere, N. J. 


& Pipe Co.. 11 
York City. 

400 Chestnut St., 
Pa. 

MACHINES 


Crane Co., 836 8. Michigan Ave., 
Chicago, Il, 

Mueller (o.. Decatnr, Ill. 

The A. P, Smith Mfg, Co.. 545 N, 
Arlington Ave., EB. Orange, N. J. 


PIPE TEST PLUGS 
Northrop & Co., Inc., 50 Church 
St., New York City. 
PIPE, WELDED STEEL 
American Rolling Mill Co., Mid- 
dletown, Ohio. 
Chicago Bridge & Iron Company, 
2198 McCormick Bldg., Chicago, 


Ill. 
R. D. Cole Mfg. 


Co., Newnan, Ga. 

Crane Co., S36 S. Michigan Ave, 
Chiecazo. Il. 

Graver Tank & Mfg. Co., Inc., 


East Chicago, Ind. 
Pittshburgh-Des Moines Steel Qo. 
Pittsburgh, Pa. 
PIPE, WRAPPING 
General aint Corp.. 3091 May field 
Rd., Cleveland. Ohio. 
Johns-Manville, 22 E. 40th St.. New 
York City. 


PITOT TUBES 
Pitometer Company, 50 Church St.. 
New York City. 
Simplex Valve & Meter Co., 68th 
and Upland Sts., Philadelphia, 
Pa. 


PLUGS 
Standard Dry Wall Products, Ine., 
New Eagle, Pa, 


PNEUMATIC CONVEYORS FOR 
wares AND SEWAGE TREAT- 
MEN 
Draceo Corp.. Cleveland. Ohio. 

PNEUMATIC CONVEYORS FOR 
WATER AND SEWAGE 
TREATMENT, BLOWERS FOR 
Roots-Connersyille Blower Corp., 

Connersville, Ind. 


POROUS TUBES AND PLATES 


Carborundum Co.. Niagara Falls, 
»: ¥ 
POTENTIOMETERS 
Hellige, Ine., 3718 Northern Blvd., 
Long Island City, N. Y. 
PRESSURE REGULATORS 
Clark Controller Co., 1146 E. 
152nd St., Cleveland, Ohio. 
Connelly Iron Sponge and Governor 
Co., 3154 §, California Ave., 


Chicago, Il. 
Crane Co., 836 Ss. 
Chicago, Tl, 
Golden-Anderson Valve Spec. Co., 


Michigan Ave., 





Chicago Hridge & Iron Company, 
2198 McCormick Bldg., Chicago, 
Ill 


Crane Co., 836 S. Michigan Ave., 


Frick Bldg., 


Moines Steel Co.. 
a. 


American Cast Iron Pipe Co., Bir- 
Cast Iron Pipe Research Assn., 122 


Ill. 
22 E. 40th St., 


Foundry Co., Bur- 


Northrop & Co., Inc., 50 Church 


American Cast Iron Pipe Co., Bir- 
Armco Drainage Products Assn., 
Cast Iron Pipe Research Assn., 122 
S. Michigan Ave., Chicago. III. 
Central Foundry Co., 386 Fourth 
Clow and Sons, James B., 201 N, 


Crane Co.. 836 S. Michigan Ave.. 


Chicago. Ill. - 
Johns-Manville, 22 E. 40th St., New 
York City. 
Lock Joint Pipe Co., Ampere, N. J. 
Portland Cement Assn.. 33 r 


Grand Ave., Chicago, Ill. (Rein. 
& Foundry Co., Burling- 
Warren Foundry & Pipe Co., 11 
400 Chestnut 


Elmira, 


American Rolling Mill Co., Mid- 


| 
| 
| 
| 


| 
| 


PUMPS, 


13 






















| —_ Fulton Bldg., Pittsburgh, PUMPS, CENTRIFUGAL Chain Belt Co., Milwaukee, Wis. 
a. The American Well Works, Aurora, De Laval Steam Turbine Co., Tren- 
Hagan Corp., Hagan Bldg., Pitts Ill. ton, N. J. 7 
burgh, Pa. Barrett, Haentjens & Co., Hazle- Fairbanks, Morse & Co., 600 So. 
| Mueller Co., Decatur, Il, ton, Pa, Michigan Ave., Chicago, Ill. 
Northrop & Co., Inc., 50 Church Ralph B. Carter Co., 53 Park Place. Tfomelite Corp.. Port Chester, N. y. 
St., New York City. New York City. Northrop & Co., Inc., 50 Church 
Pittsburgh Equitable Meter Co., Chain Belt UCo., Milwaukee, Wis. St., New York City. 
400 Lexington Ave Pitts. Chicago Pump Co., 2349 Wolfram Peerless Pump Division Food Ma- 
burgh, Pa. ~ St., Chicago, Il. chinery Corp., 301 West Avenue 
Ross Valve Mfg. Co., P. O Rox De Laval Steam Turbine Co., Tren- 26 Los Angeles, Calif. 
5, Trey, oy ton, N. J. Pomona Pump Co., 206 E. Com- 
° 7 SBre Eccnomy Pump Ince., Hamilton, 0, mercial St., Pomona, Calif. 
PROPORTIONING EQUIPMENT Fairbanks, Morse & Co., 600 3s Worthington Pump & Mach. Corp., 
(CHEMICAL) Michigan Ave., Chicago, II. Harrison, N. J, 
Builders-Providence, Inc., 9 Cod- Gardner-Denver Co., Quincy, Ill. 
ding St., Providence, R. I Homelite Corp., Port Chester, N. Y. | PUMPS, ROTARY 


Everson Filter Service Co., 214 Ww. Layne & Bowler, Inc., Memphis, 


De Laval Steam Turbine Co., Tren- 
Huron St., Chica » ma enn. ton, N. J. 

Graver Tank & Mte be Tne Morris Machine Works, Baldwins- Fairbanks, Morse & Co., 600 S. 
East Chicago Ind. - ” ville, N. Y, Michigan Ave.. Chicago. Ill, 
Infileo, Inc.. 325 Ww. 25th Pl., Chi- Northrop & Co., 50 Church St., Peerless Pump Division Food Ma- 
cago, Ili. ji New York City. chinery Corp., 301 West Avenue 


—— Mfg. Co., Columbus, Peerless Pump Division Food Ma- 26 Los Angeles, Calif. 
oO. 


chinery Corp., 301 West Avenue Pomona Pump Co., 206 ~ Com- 
Lakeside E ‘ . 222 w 26 Los Angeles, Calif. mercial St., Pomona, Calif. 
Adams St. Chicagn? cs ae es Pomona Pump Co., 206 E. Com- Roots-Connersville Blower Corp., 
Municipal Service Co., 532 mercial St., Pomona, Calif. Connersville, Ind. 
Dwight Bldg., Kansas City, Worthington Pump & Mach. Corp., Ww orthington Pump & Mach. Corp., 
Mo. Harrison, N, J. Harrison, N. J. 
Omega Machine Cc ke ‘ J 
Ave. Kansas city, ‘te’ °°?" | PUMPS, CONDENSATION PUMPS, SELF PRIMING 
Permutit Co.. 330 W. 42nd St Chicago Pump Co., 2349 Wolfram Barrett, Haentjens & Co., Hazle- 
New York City. is St., Chicago, I. ton, Pa. 3 
Phipps & Bird, Inc., 915 E. Cary De Laval Steam Turbine Co.. ‘rren- Ralph B. Carter Co., 53 Park Place, 
St., Richmond, Va. ‘ ton, N. J. New York City. oz 
Proportioneers Inc. 9 Codding st Economy Pump Ine., Hamilton, 0, Chain Belt Co.. Milwaukee. Wis. 
Providence. 'R. {. ms Morris Machine Works, Baldwins. Chicago Pump Co., 2349 Wolfram 
Roberts Filter Mfg. Co., Darby, ville, N. Y. St., Chicago, Ill. 
Pa. Peerless Pump Division Food Ma- ~*~, Laval Seam Turbine Co., 
Simplex Vv; ’ chinery Corp., 301 West Avenue renton, N. J. d bh 03 
and. Upland Stone ened 26 Ios Angeles, Calif, Homelite Corp., Port Chester, N. Y. 
Pa. be ‘ Worthington Pump & Mach. Corp., ne 4 Ce. 50 Church St., 
% Sees i N. J. Yew or ity. 
Wallace & Tiernan Co., Ine., New- Harrison, N. J Pomona Pump Co.. 206 “ Com- 
Tilson Cher o 4 PUMPS, DEEP WELL mercial St., Pomona, Calif. 
WWecnbemical —. 7 The American Well Works. Aurora, Roots-Connersville Blower Corp., 
: a — Ill. Connersville, Ind. 
— Contre ee TERS 132na Crane Co., 836 §. Michigan Ave., Worthington 


St.. Cleveland, Ohio. Chicago, Ill. 


Pump & Mach. Corp., 
Harrison, N. J, 


: Fairbanks, Morse & Co., 600 § 
PUMP PRIMERS | Michigan Ave., Chicago. tl. PUMPS SEWAGE 
Barrett. Haentjens & Co., Hazle- Layne & Bowler, Inc., Memphis, The American Well Works, Aurora, 
ton, Pa. Tenn. Ill. 
Ralph B. Carter Co., 53 Park Morris Machine Works, Baldwins- Ralph B. Carter Co., 53 Park 
Place, New York City. ville, N. Y Place, New York City. 
Chicago rump Co., 2349 Wolfram 


Peerless Pump Division Food Ma- Chicago Pump Co., 2349 Wolfram 
St.. Chieago, I. 


chinery Corp., 301 West Avenue St., Chicago. Il. 
De Taival Steam Turbine Co., Tren- 26 Los Angeles, Calif. De Laval Steam Turbine Co., Tren 
ton, N. J. Pomona Pump Co., 206 E. Com- ton, N. J. 
Roots-Connersville Blower Corp., mercial St., Pomona, Calif. Dorr Co., 570 Lexington Ave., New 
Connersville, Ind. Worthington Pump & Mach. Corp., York City. : 
PUMPS, ACID-HANDLING Harrison, N. J. Economy Pumps, Ine., Hamilton, 0. 
Ralph B. Carter Co., 53 Park | Fairbanks, Morse & Co., 600 S§. 


PUMPS, DIAPHRAGM 

Ralph B. Carter Co., 
New York City 

Dorr Co., 570 Lexington Ave., New 


Place, New York City. 
Chicago Pump Co., 2349 Wolfram 
St., Chicago, TI. 
Gardner-Denver Co., 


Michigan Ave., Chicago, Ill. 
Gardner-Denver Co., Quincy, III. 
Morris Machine Works, Baldwins- 

Y 


53 Park Place, 





Quincey, Il. 


York City ville, N, . 

Graver Tank Mfg. a be ‘5 ‘eerless P Vivisi . Ma- 

East Ghtenen os 7 ae | Edson Corp., 49 D St., South Bos- ee ee ee 5 Sy hn 
Infileo, Inec., 325 'W. 25th Pl, Chi- ton, Mass. 26 Los Angeles, Calif, 

cago, Ill. Everson Filter Service Co., 214 w. Worthington Pump & Mach. Corp., 
Lakeside Engrg. Corp., 222 w. Huron St., Chicago, Ill. Harrison, N. J. 

Adams St., Chicago, Ill. | International Filter Co., 325 w. —_ 7 
Morris Machine Works, Paldwins- | 25th St., Chicago, Ti PUMPS, SLUDGE ’ 

ville. N. ¥ | Northrop & Co., Inc., 50 Church The American Well Works, Aurora. 
Pomona Pump Co., 206 E. Com- | St.. New York City. Ill. 5 . 4 

mercial St., Pomona, Calif. | Pomona Pump Co., 206 E. Com- Ralph B. Carter Co., 53 Park Place, 
Proportioneers, Inc., 9 Codding St., | mercial St., Pomona, Calif. . New York City. ° 

Providence, R. I. Proportioneers. Inc., 9 Codding St., Chicago’ Pump Co., 2349 Wolfram 
Simplex Valve & Meter Co., 68th Providence, R. I. St., Chicago. Ill. 2 - 

& Upland Sts., Philadelphia, Wallace & Tiernan Co., Inc., New- Dorr Co., 570 Lexington Ave., New 

a ark, S. 3 : York City ; 
Wallace & Tiernan Co., Inc., New- Wilson Chemical Feeders, Inc., Fairbanks, Morse & Co.,°600 8 

ark, N. J. Buffalo, N. Y. Michigan Ave., Chicago, Til. 
Wilson Chemical Feeders, Inc., | Gardner-Denver Co., Quincy, TI. 

Buffalo, N. Y. | PUMPS, DRAINAGE Infileo, Inc., 325 W. 25th PL.,’ Chi- 
Worthington Pump & Mach. Corp., | The American Well W rks, Aurora, cago, Til. 

Harrison, NJ. . — es , Pacific Flush Tank Co.. 4241 Ra- 

Ieee Ralph B. Carter Co., 53 Park venswond Ave.,, Chicago. TI. 


BOILER FEED Place, New York City. 


Morris Machine Works, Baldwins- 
Chain Belt Co., Milwaukee, Y. 


The American Well Works. Aurora, Wis. ville, N,. 
I 


| 
| 
. Chicago Pump Co., 2349 Wolfram Peerless Pump Division Food Ma 
Chicago Pump Co., 2349 Wolfram St., Chicago, I. chinery Corp., 301 West Avenue 
St., Chicago. Ill. | De Laval Steam Turbine Co., Tren- 26, Los Angeles, Calif. 
De Laval Steam Turbine Co., Tren- ton, N. J. Pomona Pump Co., 206 E. Com- 
ton, N. J. Fairbanks, Morse & Co., 600 § mercial St., Pomona, Calif 
Economy Pump Ine., Hamilton. 0. Michigan Ave., Chicaeo Tl. Worthington Pump & Mach. Corp., 
Fairbanks, Morse & Co., 600 s. | Gardner-Denver Co., Quincy, II. Harrison, N. 7 
Michigan Ave., Chicago, Il. | S. Morgan Smith Co., York, Pa. 
Gardner-Denver Co.., Quincy, Ill. | Morris Machine Works, Baldwins- PUMPS, STCTION AND FORCE 
Morris Machine Works, Baldwins- ville, N. Y., Ralph B. Carter Co., 53 Park 
ville, N. Y. | Peerless Pump Division Food Ma- Place, New York City. 
Pomona Pump Co., 206 E. Com- chinery Corp., 301 West Avenue Edson Corp., 49 D St., South Bos- 
mercial St., Pomona, Calif. 26 Los Angeles, Calif. ton. Mass, , 
Vogt Brothers Mfg. Co., Louisville, | Pomona Pump (Co.. 206 E. Com- Morris Machine Works, Baldwins- 
cy. mercial St., Pomona. Calif. ville, N. Y. 
Worthington Pump & Mach. Corp., Worthington Pump & Mach. Corp., Northrop & Co., 50 Church St., 
Harrison, N. J. Harrison, N. J. New York City. 
PUMPS, CELLAR DRAINER PUMPS, HYDRANT Veen Pump & Mach. Corp., 
Ralph Carter Co., 53 Park Edson Corp.. 49 D St South Bos- oN. 
Place, New York City. ton. Mase 7 PUMPS, SUMP 
Chicago Pump Co., 2349 Wolfram Jos. G. Pollard Co.. Ine., 151 The American Well Works. Aurora, 
St.. Chicago, Tl. Ashland Pl. Brooklyn, N.Y. Til. 


Crane Co., 836 S. Michigan Ave., 


Ralph B. Carter Co., 
Chicago, III. 


53 Park 


PUMPS, JETTING Place, New York City. 


Fairbanks, Morse & Co.. 600 S. Northrop & Co.. Inc., 50 Church Chie: go Pump Co., 2349 Wolfram 
Michigan Ave.. Chicago III, St.. New York City. St., Chicago, Ml. 

Peerless Pump Division Food Ma- PUMPS, PORTABLE De Taval Steam Turbine Co., Tren 
chinery Corp.. 301 West Avenue Barrett. Haentjens & Co., Hazle- ton, N. J. 
26 Los Angeles, Calif. ton. Pa. Economy Pumps Ine., Hamilton, 0. 

Worthington Pump & Mach. Corp., Ralph B. Carter Co.. 53 Park Fairbanks, Morse & Co., 600 S. 
Narrison, N. J. 


Place, New York City. Michigan Ave., Chicago, Ml. 
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Morris Machine Works, Baldwins- 


ville, N. 


Peerless Pump Division Food Ma- 


chinery Corp., 301 West Avenue 
26, Los Angeles, Calif. 
Worthington Pump & Mach. Corp., 
Harrison, N. J. 


PUMPS, TURBINE 


The American Well Works, Aurora, 
ll 


Ill. 
Chicago Pump Co., 2349 Wolfram 
St., Chicago, Ill. 
De Laval Steam Turbine Co., Tren- 
ton, N. J. 
Fairbanks, Morse & Co., 600 8. 
Michigan Ave., Chicago, Ill. 


Layne & Bowler, Inc., Memphis, 


Tenn 
Morris Machine Works, Baldwins- 
ville, N. 


Peerless Pump Division Food Ma- 


chinery Corp., 301 West Avenue 
26 Los Angeles, Calif. 


Pomona Pump Co., 206 E. Com- 


mercial St., Pomona, Calif. 
Worthington Pump & Mach. Corp., 
Harrison, N. J. 


PUMPS, VACUUM 
Barrett, Haentjens & Co., Hazle- 


ton, Pa. 


Chicago Pump Co., 2349 Wolfram 


St., Chicago, Ill. 


Economy Pumps Inc., Hamilton, O. 
Gardner-Denver Co., Quincy, Il. 
Roots-Connersville Blower Corp., 


Connersville, Ind. 
Vogt Brothers Mfg. Co., Louisville. 


y. 
Worthington Pump & Mach. Corp., 
Harrison, N. J 


RAIN GAGES 

M. C. Stewart, Ashburnham, Mass. 

RATE OF FLOW CONTROLLERS 
Bailey Meter Co., 1072 Ivanhoe 


Rd., Cleveland, Ohio. 


Builders-Providence, Inc., 9 Cod- 


ding St., Providence, R. 


Everson Filter Service Co., 214 w. 


Huron St., Chicago, Il. 


Graver Tank & Mfg. Co., Inc., 


East Chicago, Ind. 


Hagan Corp., Hagan Bldg., Pitts 


burgh, Pa. 

Infileo, Inc., 325 W. 25th PI., Chi- 
eago, Il. 

Municipal Service Co., 532 


Dwight Bldg., Kansas City, 
Mo. 


Permutit Co., 330 W. 42nd St., 


New York City 


Roberts Filter Mfg. Co., Darby, 


a. 

Simplex Valve & Meter Co., 68th 
a Upland Sts., Philadelphia, 
a. 


RATE OF FLOW RECORDERS 
Bailey Meter Co., sb dag Ivanhoe 


Rd., Cleveland, Oh 


F. 8. Brainard & Co., me Palm St., 


Hartford, Conn. 


Builders-Providence, Inc., 9 Cod- 


ding St., Providence, R. I. 
Infileo, Inc., 325 W. 25th Pl., Chi- 
eago, Ill. 


Neptune Meter Co., 50 W. 50th St. 


New York City. 


Northrop & Co., 50 Church St., 


New York City. 


Simplex Valve & Meter Co., 68th 


& Upland Sts., Philadelphia, 


Pa. 
R. W. Sparling, Box 3277 Terminal 
Annex, Los Angeles, Calif. 


REAMERS 
Mueller Co., Decatur, III. 


RECARBONATORS 
Graver Tank & Mfg. Co., Ine., 


East Chicago, Ind. 


Infileo, Inc., 325 W. 25th Pl., Chi- 


eago, Il. 


Municipal Service Co., A aw Dwight 


Bldg., Kansas City, Mo. 
Permutit Co., 330 W. 42nd St., 
New York City. 


Vogt Mfg. Co., Louisville, Ky. 


RECORDING INSTRUMENTS 
Bailey Meter Co., 1072 Ivanhoe Rd., 


Cleveland, Ohio. 


F. 8. Brainard & Co., 246 Palm St., 


Hartford, Conn. 


Builders-Providence, Inc., 9 Cod- 


ding St., Providence, R. I. 


Graver Tank & Mfg. Co., Inc, 


East Chicago, Ind. 

Infilco, Inc., 325 W. 25th Pl., Chi- 
cago, II. 

Pacific Flush Tank Co., 4241 
Ravenswood Ave., Chicago, IIl. 


Permutit Co., 330 W. 42nd St., New 


York City. 


Simplex Valve & Meter Co., 


68t 
and Upland Sts., Philadelphia, 
Pa 


;. Ww. Sparling, Box 3277 Terminal) 
Annex, Los Angeles, Calif. 
RECUPERATOR 
Carborundum Co., Perth Ambo’ 
.. J. 








REFRACTORIES 


Carborundum Co., Perth Amboy, 


N. J. 

cone Sepsis, 22 E. 40th St., New 
York City. 

Quigley =. ., Inc., 56 W. 45th St., 
New York City. 


REGULATORS, SEWAGE 


Infileo, Inc., 325 W. 25th Pl., Chi- 
cago, Ill. 

Simplex Valve & Meter Co., 68th 
and Upland Sts., Philadelphia, 
a. 


REGULATORS (Pressure), WA- 
TER AND GAS 


Clark Controller Co., 1146 E. 
152nd St., Cleveland, Ohio. 
Connelly Iron Sponge and Governor 
Co., 3154 S. California Ave., Chi- 

cago, Ill. 

Golden-Anderson Valve Spec. 
Co., 1329 Fulton Blidg., Pitts- 
burgh, Pa. 

Hagan Corp., Hagan Bldg., Pitts- 
burgh, Pa. 

Mueller Co., Decatur, II. 

Pittsburgh Equitable Meter Co., 
400 Lexington Ave., Pittsburgh, 
Pa. 

Ross Valve Mfg. Co., P. O. Box 
595, Troy, N. Y. 

Simplex Valve & Meter Co., 68tb 
and Upland Sts., Philadelphia 
Pa 


Vapor Recovery Systems Co., 2820 
N. Alameda St., Compton, Calif. 


RESERVOIRS 


(See Standpipes and Tanks) 


ROBOT FILTER AND SOFTENER 


OPERATORS 

Graver Tank & Mfg. Co., Inc., 
East Chicago, Ind. 

Infileo, Inc., 325 W. 25th Pl., Chi- 
eago, II. 

Permutit Co., 330 W. 42nd St., 
New York City. 

Simplex Valve & Meter Co.. 68th 
and Upland Sts., Philadelphia, 
Pa. 


RUST PREVENTION 


(Tanks, Pipe Lines, Submerged 
Metal) 

Calgon, Inc., Hagan Bldg., Pitts- 
burgh, Pa. 

Cement Lined Pipe Co., 93 Brook- 
line St., Lynn, Mass. 

Electro Rust-Proofing Co., 29 W. 
Apple St., Dayton, Ohf6. 
(Cathodic Protection) 

General Paint Corp.. 3091 Mayfield 
Rd.. Cleveland, Ohio 

Philadelphia Quartz Co., 124 S. 
Third St., Philadelphia, Pa. 

Quigley Co., Inc., 56 W. 45th St., 
New York City. 

Reilly Tar & Chemical Co., Mer- 
chants Bank Bldg., Indianapolis, 
Ind. 

Rusta Restor Corp., 1480 W. State 
St., Fremont, Ohio. 

Wailes Dove - Hermiston Corp., 
Westfield, N. J. 


SADDLES, PIPE 


Crane Co., 836 S. Michigan Ave., 
Chicago. Ill. 

Dresser Mfg. Co., Bradford, Pa. 

Mueller Co., Decatur, Ill 

Northron & Co., Ine., 50 Church 
St., New York City. 


SAMPLERS AND SAMPLING 


TABLES 

Chicago Pump Co., 2349 Wolfram 
St., Chicago, Il. 

Infileo, Inc., 325 W. 25th Pl., Chi- 
eago, Ill. 

Municipal Service Co., 532 Dwight 
Bldg.. Kansas City. Mo. 

Proportioneers, Inc., 9 Codding St., 
Providence, R. I. 

Proudman & Goossen, New Canaan, 
Conn. 

Roberts Filter Mfg. Co.. Darby. Pa. 

Wilson Chemical Feeders, Inc., 
Buffalo, N. : 

SAND EXPANSION INDICATORS 

Builders-Providence, Inc., 9 Cod- 
ding St., Providence, R. I. 

Infileo, Inc., 325 W. 25th Pl., Chi- 
cago, Ill. 

Simplex Valve & Meter Co., 68th 
y Upland Sts., Philadelphia, 
a. 


SCALE PREVENTION 
CHEMICALS 
Calgon, Inc., Hagan Bldg., Pitts- 
burgh, Pa. 
Permutit Co., 330 W. 42nd St.. 
New York City. 


SCREENS, INTAKE 


Chain Belt Co., Milwaukee, Wis. 

Dorr Co., 570 Lexington Ave., New 
York City. 

Jeffrey Mfg. Co., Columbus, Ohio. 

Lakeside Engrg. Corp., 222 W. 
Adams &St., Chicago, III. 

Link-Belt Co., 300 W. Pershing 
Rd., Chicago, Ill. 


SCREENS, SAND, GRAVEL AND 
STONE 
Dorr Co., 570 Lexington Ave., New 
Gruendler Crusher & Pulverizer Co., 
2915 N. Market St., 


Jeffrey Mfg. Co.. 
Link-Belt Co., 300 W. Pershing Rd. 


SCREENS, SEWAGE 
The American Well Works, Aurora, 
Ill 


Chain Belt Co., Milwaukee, Wis. 
Chicago Pump Co., 2349 Wolfram 


Dorr Co., 570 Lexington Ave., New 


oa Crusher & Pulverizer Co.. 


Mo. 

Jeffrey Mfg. Co.. 
-. 2045 . 

. Philadelphia, Pa. 


SCREENS, WATER WELL 
Layne ” Bowler, Inc 


SERVICE BOXES 
y. 
Crane Co., 836 So. Michigan Ave., 
Northrop & Co., Inc., 50 Church 


New York City. 


SEWAGE EJECTOR 
Chicago Pump Co., 


SEWAGE SAMPLERS 
Chicago Pump Co., 2349 Wolfram 


Everson Filter Service Co., 214 W. 


Proportioneers, Inc., 9 Codding St., 

Proudman & "Goossen, New Canaan, 

Wallace & Tiernan Co., Inc., New- 
J. 


Wilson Chemical . Ine., 110 


SEWAGE SCREENING 
DERS 
The American Well Works, 


Ill. 
Chain Belt Co., Milwaukee, Wis. 
Chicago Pump Co., 


Gruendler Crusher & Pulverizer Co., 
2915 N. Market St., 


Seltean Mfg. Co., 
Royer Foundry & Mach. Co., Kings- 


, 570 Lexington Ave., New 


Engineering & Research 
Corp., 60 Wall Tower, New York 


City. 
Pittsburgh-Des Moines 
Underpinning & Foundation Co., 1 
S. Ss. 
SEWER CLEANERS 
Champion Corp.. Hammond, Ind. 
Flexible Sewer-Rod Eqpt. 
G. Pollard Co., 
H. Stewart, P. O. Box Peck: 
Turbine Sewer Machine Co.. 
SEWER DESIGN—CONCRETE 


Portland Cement 
SEWER PIPE 


SEWER PIPE JOINTS 
Atlas Mineral Prod. Co., Mertztown. 


Pa. 
Hydraulic Development Corp., 
New York City. 
. A. Weston, Adams, Mass. 
SEWER PIPE 


SEWER RODS 
Champion Corp., Hammond, Ind. 
Flexible Sewer-Rod Eqpt. 

G. Fie Co., 

W. H. Stewart, 


2 
~—. Sewer Machine Co.. 
, Milwaukee, Wis. 


Armo “Drainage 











SIGHT FEEDERS 
Foonctien wee | Codd 
wetacd"e'atence, i. 1. outing 

ark, N. J. ; ies: 
Wilson, Cheniical Feeders, Ine, 1 


ee, (SEWAGE) 

Armco Drainage Prod Assn, 
a Middletown, Ohio — > 
alp arter Co., 33 Park Pl, 

New York City. (Alternating 


Infilco, Inc., 325 W. th 
cago, Ill. “ ~ 
Pacitic Flush Tank Co., 1 Ra- 


venswood Ave., Chicago, aL 


SLEEVES, PIPE REPAIR 

Cast Iron Pipe Research Assn., 129 
S. Michigan Ave., Chicago, Tl. 

Crane Co., 836 §8. Michigan Ave. 
Chicago, Ill. , 

Dresser Mfg. Co., Bradford, Pa. 

Iowa Valve Co., Hubbell Bldg. 
Des Moines, Ia. 

M. & H. Valve & Fittings Co., 
Anniston, Ala. 

Mueller Co., Chattanooga, Tenn. 

Northrop & Co., Inc., 50 Church 
St., New York City: 

Rensselaer Valve Co., =. i om A 

The A. P. Smith Mfg. 545 N, 
Arlington Ave., E. Guna’ N. J 

Warren Foundry & Pipe Co., ii 
Broadway, New York City. 

R. D. Wood Co., 400 Chestnut St. 

Philadelphia, Pa. 


SLEEVES, TAPPING (VALVE) 

Crane Co., 836 S. Michigan Ave., 
Chicago, Ill. 

Iowa Valve —" Hubbell Bldg., 
Des Moines, Ia. 

M. & H. Valve & Fittings Co., 
Anniston, Ala. 

Ludlow Valve Mfg. Co., Troy, N. Y. 

Mueller Co., Chattanooga, Tenn. 

National Machine Works, 1559 N. 
Sheffield Ave., Chicago, Ill. 

Rensselaer Valve Co., Troy, N. Y. 

The A. P. Smith Mfg. Co., 545 N. 
Arlington Ave., E. Orange, | ae 3 

bi Brothers Mfg. Co., Louisville, 

y. 


SLUDGE COLLECTORS 
The American Well Works, Aurora, 
Tl 


— ag Carter Co., 53 Park 
New York City. 

chain Belt Co.. Milwaukee, Wis. 

Dorr Co., 570 Lexington Ave., New 
York City. 

Graver Tank & Mfg. Co., Ine., 
East Chicago, Ind. 

Infileo, Inc., 325 W. 25th Pl., Chi- 
eago, Ill. 

Jeffrey Mfg. Co.. Columbus. Ohio. 
Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia, Pa. 
Pemutit Co., 330 W. 42nd St., 

New York City. 
SLUDGE DISINTEGRATORS 
Gruendler Crusher & Pulverizer Co., 
2915 N. Market St., St. Louis, Mo. 
Jeffrey Mfg. Co., Columbus. Ohio. 
Royer Foundry & Mach. Co., 158 
Pringle St., Kingston, Pa. 
SLUDGE PUMPS 
The American Well Works, Aurora, 
Ill 


Ralph B. Carter Co., 53 Park 
Place, New York City. 

Chicago Pump Co., 2349 Wolfram 
St., Chicago, Ill. 

Dorr Co., 570 Lexington Ave., New 
York City. 

Infileo, Inc., 325 W. 25th PL, Chi- 
eago, Ill. 

Morris Machine Works, Baldwins- 
ville, N. Y. 

Pacific Flush Tank Co., 4241 
Ravenswood Ave., Chicago, Ill. 

SODA ASH 

Diamond Alkali Co., Pittsburgh, Pa. 

Innis, Speiden & Co., 117 Liberty 
St.. New York City 

Mathieson Alkali Works, 60 B. 42nd 

New York City. 

wanatie Alkali Co., 60 E. 42nd 
St., New York City 

Penn. Salt. Mfg. Co., Widener Bldg., 
Philadelphia, Pa. 

Pittsburgh Plate Glass Co., Colum- 
bia Chemical Division, 30 Rocke- 
feller Plaza, New York City. 

Solvay Sa.es Corp., 40 Rector St., 
New York City. 

SODIUM ALUMINATE f 

Monsanto Chemical Co., St. Louis, 
Mo. 

Monsanto Chemical Co. Merrimac 
Div., Boston, Mass. 

Penn. Salt Mfg. Co., Widener 
Bldg., Philadelphia, Pa. 

SODIUM PHOSPHATES 

(GLASSY) F 

Calgon. Inc., Hagan Bldg., Pitts- 
burgh, Pa. 





mh 














SILICATE 
ones Alkali Co., Pittsburgh, Pa. 
General Chemical ‘Co., 40 Rector 
St.. New York City. 
Philadelphia Quartz Co., 124 §&. 
Third St., Philadelphia, Pa. 
proportioneers, Inc., ¥ Codding St., 
Providence. I. 

Standard Silicate Division, Diamond 
Alkali Co., Pittsburgh, Pa 

Tamms Silica Co., 228 N. LaSalle 
St., Chicago, Ill. 
ENERS AND PURIFIERS 
ee. Inc., Hagan Bldg., Pitts- 
purgh,, Pa. 
Cloroben Corp., 
Jersey City, J. 

Dorr Co., Inc., Pa Lexington Ave., 
New York City. 

Everson Filter Service Co., 214 W. 
Huron St., Chicago, Ill. 

Graver Tank & Mfg. Co., Inc., 
East Chicago, Ind. 


Mercer S8t., 


= t 


Infilco, Inc., 325 W. 25th Pl., Chi- 
cago, 
Lakeside Engrg. Corp., 222 W. 


Adams St., Chicago, Ill. 
Municipal Service Co., 532 Dwight 
Bldg., Kansas City, Mo. 
Permutit Co., 330 W. 42nd St., 

York City 
Proportioneers, Inc., 
Providence, R. 
—— Filter Mfg. Co., 


New 
9 Codding St., 
Darby, 
Worthington Pump & Mach. Corp., 
Harrison, N. J. 
SPEED REDUCERS, TRANSMIS- 
SION 
De Laval Steam Turbine Co., Tren- 
ton, N. 

Jeffrey Mfg. Co., Columbus, Ohio. 
Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia, Pa. 
Worthington Pump & Mach. Corp., 

Harrison, N. J. 
SPRINKLING FILTER PLANTS 
The American Well Works, Aurora, 


Il. 
Ralph B. Carter Co.. 


53 Park 
Place, New York City. 
Chain Belt Co., Milwaukee, Wis. 


Dorr Co., 570 Lexington Ave., New 
York City. 
Infileo, Inc., 
eago, Ill. 
Pacific Flush 
venswood Ave., 
STACKS 
Chicugo Bridge & Iron Co., 2198 
McCormick Bldg., Chicago, Ill. 
R. D. Cole Mfg. Co., Newnan, Ga. 


325 W. 25th Pl., Chi- 


Tank Co., 4241 Ra- 
Chicago, Ill. 


Graver Tank & Mfg. Co., Inc., 
East Chicago, Ind 
Pittsburgh-Des Moines Steel Co., 
Pittsburgh, Pa. 
STACKS, FUME 
Johns-Manville, 22 E. 40th St., 
New York City. 
STANDPIPE AND TANKS 
Chicago Bridge & Iron Co., 2198 


McCormick Bldg., Chicago, Ill. 
R. D. Cole Mfg. Co., Newnan, Ga. 


Graver Tank & Mfg. Co., Inc., 
East Chicago, Ind. 

Pittsburgh-Des Moines Steel Co., 
Pittsburgh. Pa. 

Portland Cement Assn., 33 W. 
Grand Ave., Chicago, IIl. 


STANDPIPE PRESERVATION 
(Cathodie Protection Process) 
Electro Rust-Proofing Co., 29 W. 

Apple St., Dayton, Ohio. 


STIRRERS (LABORATORY) 
Dorr Co.. 570 Lexington Ave., New 
York City. 
4010 Penn 


Omega Mach. Co., Inc., 


Ave.. Kansas City, Mo. 
STOKERS 
Crane Co., 836 S. Michigan Ave., 
Chicago, Ill. 
Fairbanks, Morse & Co., 600 S. 


Michigan Ave., Chicago, Ill. 
Link-Belt Co., 2410 W. 18th St., 
Chicago, Ill. 


STORAGE TANKS 

Chicago Bridge & Iron Co., 2198 
McCormick Bldg., Chicago, Ill. 

K. D. Cole Mfg. Co., Newnan, Ga. 

Crane Co., 836 S. Michigan Ave., 
Chicago. II. 

Graver Tank & Mfg. Co., 
East Chicago, Ind. 

Pittsburgh-Des Moines Steel Co., 
Pittsburgh, Pa. 

Portland Cement Assn., 33 W. 
Grand Ave., Chicago, IIl. 


STRAINERS, SUCTION 


Inc., 


Barrett. Haentjens & Co., Hazle- 
ton, Pa. 
Crane Co., 836 S. Michigan Ave., 


Chicago, Ill. 


Edson Corp., 49 D St., South Bos- 
ton. Mass. 

Golden-Anderson Valve _ Spec. 
Co., 1329 Fulton Bldg., Pitts- 


burgh. Pa. 
SULPHATE OF ALUMINA 
Activated Alum Corp., Curtis Bay. 
Baltimore, Md. 








General Chemical Co., 
St.. New York City. 


40 Rector 


= Chemical Co., St. Louis, 

Mo 

Monsanto Chemical Co. Merrimac 
Div., Boston, Mass. 


Penn. Salt Mfg. Co., 1000 Widener 
Bldg., Philadelphia, Pa. 


SULPHUR DIOXIDE (LIQUID) 
Ansul Chemical Co., P. 0. Box 231, 
Marinette, Wis. 
Virginia Smelting Co., 
folk, Va. 


SUPER-CHLORINATION UNITS 
(See Chivrinators) 


SWIMMING POOL EQUIPMENT 
Ralph B. Carter Co... 53 Park 
Place, New York City. 
Everson Filter Service Co., 214 W. 
Huron St., Chicago, Ill. 
Graver Tank & Mfg. Co., 
East Chicago, Ind. 

Infileo, Inc., 325 W. 
cago, Ill. 

Lakeside Engrg. Corp., 
Adams St., Chicago, Ill. 

Municipal Service Co., 532 Dwight 
Bldg., Kansas City, Mo. 

Omega Machine Co., 4010 Penn 
Ave., Kansas City, Mo. 

Permutit Co., 330 W. 42nd St., 
New York City. 

Pittsburgh-Des Moines Steel Co., 
Pittsburgh, Pa. 

Proportioneers, Inc., 9 Codding St., 
Providence, - * 

Roberts Filter Mfg. Co., Darby, Pa. 

Wallace & Tiernan Co., Inc., New- 
ark, N. J. 

Wilson Chemical Feeders, Inc., 110 
Washington St., Buffalo, N.Y. 


SWIMMING POOL TESTING OUT- 
FITS (pH and Chlorine) 
Everson Filter Service Co., 214 W. 

Huron St., Chicago, Ill. 
Graver Tank & Mfg. Co., 

East Chicago, Ind. 
Hellige, Inc., 3718 Northern Blvd., 

Long Island City, N. Y. 
Permutit Co., 330 W. 

New York City. 
Phipps & Bird, Inc., 915 E. Cary 

St., Richmond, Va. 

? Codding 


Proportioneers, Inc., 
Roberts Filter Mfg. Co., Darby, Pa. 


West Nor- 


Inc., 


Chi- 


222 W. 


25th P1., 


Inc., 


42nd St., 


St., Providence, R. 


A. Taylor & Co., 7300 York 
i 9 3altimore, Ma. 
Wallace & Tiernan Co., Inc., New- 
ark, N. 
Wilson Chemical Feeders, Inc., 
Buffalo, N. Y 


SWITCHES, FLOAT. TRANSFER 
AND REMOTE CONTROL 
Clark Controller Co., 1146 E. 152nd 

St., Cleveland, Ohio. 


TANKS, ELEVATED STEEL 
Chicago Bridge & Iron Co., 2198 
McCormick Bldg., Chicago, Ill. 
R. D. Cole Mfg. Co., Newnan, Ga. 
Pittsburgh-Des Moines Steel Co., 
Pittsburgh, Pa. 


TANK PRESERVATION 
(Cathodic Protection Process) 
Electro Rust-Proofing Co., 

Apple St., Dayton, Ohio. 


TANKS, RUBBER LINED 

Atlas Mineral Products 
Mertztown, Pa. 

Graver Tank & Mfg. Co., 
East Chicago, Ind. 

Proportioneers, Inc., 9 Codding St., 
Providence, R. I. 

Wallace & Tiernan Co., 
Newark, N. J. 

Wilson Chemical Feeders, Inc., 
Washington St., Buffalo, N. 


TANKS, STEEL 
(See Tanks, Elevated Steel) 


TAPPING MACHINES 
Crane Co., 836 S. Michigan Ave., 
Chicago, Ill. 
Mueller Co., Decatur, Il. 
The A. P. Smith Mfg. Co., 545 N. 
Arlington Ave., E. Orange, N. J 
TASTE & ODOR CONTROL 
GRAPHS 
Dareo Corp., 60 EB. 42nd St., 
York City. 
ae e & ODOR REMOVAL 
CALS 


ootiveted Alum Corp., Curtis Bay. 
Baltimore. Md. 

Ansul Chemical Co., P. 0. Box 231, 
Marinette, Wis. 

Cloroben aes 
Jersey City, N 


Co., 


Inc., 


Inc., 


110 
‘2 


New 


225 Mercer S&t., 
J. 


Darco Corp., 60 E. 42nd St.. New 
York City 

Industrial * te Sales Div., 
West Virginia Pulp & Paper Co., 
Ine., 230 Park Ave., New York 
City. 

Permutit Co.. 330 W. 42nd St., 
New York City. 

L. A. Salomon & Bro., 216 Pearl 
St., New York City. 





Wallace & Tiernan Co., Inc., New- 
ark, N. J. 

Wilson Chemical Feeders, Inc., 
Washington St., Buffalo, N. 


TESTERS, WATER METER 

Ford Meter Box Co., Wabash, Ind. 

Mueller Co., Decatur, Ill. 

National Meter Division of Pitts- 
burgh Equitable Meter Co., 4221 
First Ave., Brooklyn, N. Y. 

Neptune Meter Co., 50 W. 5Uth St., 
New York City. 

Northrop & Co., Inc., 50 Church 
St., New York City. 

Pittsburgh Equitable Meter Co., 
400 Lexington Ave., Pittsburgh, 


Pa. 
The A. P. Smith Mfg. 


Co., 545 N. 
Arlington Ave., E. Orange, N. J. 
Meter Co., 


Worthington - Gamon 
Newark, N. J. 


THICKENERS 
Ralph B. Carter Co., 53 Park 
Place, New York City. 
Chain Belt Co., Milwaukee, Wis. 
Dorr Co., 570 Lexington Ave., New 
York City. 


Graver Tank & Mfg. Co., Inc., 
East Chicago, Ind. 

Infileo, Inc., 325 W. 25th Pl., Chi- 
eago, Ill. 


Jeffrey Mfg. Co.. Columbus. Ohio. 
Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia, Pa. 
Pacific Flush Tank Co., 4241 Ra- 
venswood Ave., Chicago, IIl. 

TOOLS, PNEUMATIC 
Schramm, Inc., Westchester, Pa. 
TRAPS, DRIP, FLAME, 
SEDIMENT 
Vapor Recovery Systems Co., 2820 
N. Alameda St., Compton, Calif. 
TRICKLING FILTERS, HIGH 
RATE, HIGH CAPACITY 
The American Well Works, Aurora, 
1 


Ill. 
Chain Belt Co., Milwaukee, Wis. 
Dorr Co., 570 a Ave., 
New York City 


Infileo, Ine., 325 Y. 25th Pl., Chi- 
cago, Il. 

Lakeside Engrg. Co., 222 W. 
Adams St., Chicago, Ill. 

Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia, Pa. 


Pacific Flush Tank Co., 4241 Ra- 
venswood Ave., Chicago, Ill. 


TRITURATORS 
(See also Grinders) 


Chain Belt Co.. Milwaukee. Wis. 
TUNNEL LINER PLATES 
Armco Drainage Prod. Assn., Mid- 


dletown, Ohio. 
TUNNEL MACHINERY, BORING 
& LINING 
Jeffery Mfg. Co., Columbus, Ohio. 
TURBINES, HYDRAULIC 
De Laval Steam Turbine Co., Tren- 


ton, N. J. 
Morris Machine Works, °Baldwins- 
ville, N. Y 


S. Morgan Smith Co., York, Pa. 


TURBINES, STEAM 
De Laval Steam Turbine Co., Tren- 


ton, N. 
Morris Machine Works, Baldwins- 
ville, N. Y. 


Worthington Pump & Mach. Corp., 


Harrison, N. J. 
VALVE BOXES : 
Central Foundry Co., 386 Fourth 
Ave, New York Citys. 
Chapman Valve Mfg. Co., 
Orebard, Mass. 
Crane Co., 836 S. Michigan Ave., 
Chicago, Ill. 
Ford Meter Box Co., Wabash, Ind. 
Iowa Valve Co., Hubbell Bldg., 
Des Moines, Ia. 
Ludlow Valve Mfg. Co., Troy, N. Y. 
Valve & Fittings Co., 


Indian 


Anniston, Ala. 
Mueller Co., Chattanooga, Tenn. 
National Machine Works, 1559 N. 


Sheffield Ave., Chicago, Ill. 
Northrop & Co., Inc., 50 Church 
St., New York City. 
Rensselaer Valve Co.. Troy, N. Y. 
i: Brothers Mfg. Co., Louisville. 
Pa. 


R.  ¥ Wood Co., Philadelphia, 
VALVE BOX LOCATORS 


Aqua Survey & Instrument Co.. 
1409 -Marlowe Ave., Cincinnati, 
Ohio. 

VALVES 


Anderson Valve Corp., Oliver Bldg., 
Pittsburgh, Pa. 

Armco Drainage Products Assn., 
Middletown, Ohio. 

Chapman Valve Mfg. Co., 
Orchard, Mass. 

Crane Co., 836 S. Michigan Ave., 
Chicago, Ill. 

Golden-Anderson Valve Co., 1329 
Fulton Bldg.. Pittsburgh. Pa. 

Iowa Valve Co., Hubbell Bldg., 
Des Moines,. Ia. 


Indian 
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ney Valve Mfg. Co., Troy, 
M. & H. Valve & Fittings Co., 
Anniston, Ala. 
Merco Nordstrom Valve Co., 400 N. 
Lexington Ave., Pittsburgh, Pa. 
Mueller Co.. Chattanooga, Tenn. 
National Machine Works, 1559 N. 
Sheffield Ave., Chicago, Ill. 
Rensselaer Valve Co., Troy, N. Y. 
Ross Valve Mfg. Co., P. O. Box 
595, Troy, N. . 
Simplex Valve & Meter Co., 68th 
and Upland Sts., Philadelphia, _ 
The A. P. Smith "Mfg. Co., 545 N 
Arlington Ave., BE. Orange, N. z. 
8. Morgan Smith Co., York, Pa. 
Vogt Bros. Mfg. Co., Louisville, 


Ky. 
R. D. Wood Co., Philadelphia, Pa. 


VALVES, AIR RELEASE 

Chapman Valve Mfg. Co., 
Orchard, Mass. 

Crane Co., 836 8S. Michigan Ave., 


Chicago, Ill. 
Iowa Valve Co., Hubbell Bldg., 
Co., 


Des Moines, Ia. 
Ludlow Valve Mfg. 
N. Y. 
Rensselaer Valve Co., Troy, N. Y. 
Simplex Valve & Meter Co., 68th 
one Upland Sts., Philadelphia, 
a. Dp d Co., 400 Chestnut St., 
Philagelpnia. Pa. 
TALVES, AIR & VACUUM 
Chapman Valve Mfg. Co., 
Orchard, Mass. 
Crane Co., 836 8S. Michigan Ave., 


Chicago, Ill. 
Iowa Valve Co., Hubbell Bldg., 
50 Church 


Indian 


Troy, 


Indian 


Des Moines, Ia. 
Northrop & Co., Inc., 
St., New York City. 
Rensselaer Valve Co., Troy, N. Y. 
Roots-Connersville Blower Corp., 
Connersville, Ind. 
Simplex Valve & Meter Co., 68th 
and Upland Sts., Philadelphia, 


Pa. 
R. D. Wood Co., 400 Chestnut 8t., 
Chicago, Ill. 
VALVES, ALTITUDE 
Anderson Valve Corp., 
Pittsburgh, Pa. 
Chapman Valve 
Orchard, Mass. 
Crane Co., 836 So. Michigan Ave., 
Chicago, Ill. 
Golden-Anderson Valve Spec. Co., 
1329 Fulton Bldg., Pittsburgh, Pa. 
Northrop & Co., Inc., 60 Church 
St., New York City. 


Oliver Bldg., 


Mfg. Co., Indian 


Ross Valve Mfg. Co., P. O. Box 
595, Troy, N. Y. 
Rensselaer Valve Co., Troy, 


Simplex Valve & Meter Co., 68th & 
Upland Sts., Philadelphia, Pa. 
S. Morgan Smith Co., York, Pa. 


VALVES, CHECK 


Barrett, Haentjens & Co., HaZle- 
ton, Pa. 

Chapman Valve Mfg. Co., Indian 
Orchard, Mass. 


Connelly Iron Sponge and Governor 
Co., 3154 So. California  Ave., 
Chicago, Ill. 

Crane Co., 836 S. Michigan Ave., 


Chicago, Ill. 
Golden-Anderson Valve Co., 1329 
Pittsburgh, Pa. 


Fulton Bldg., 

Iowa Valve Co., Hubbell Bldg., 
Des Moines, Ia. 

Ludlow Valve Mfg. Co., Troy, N. Y. 
. & H. Valve & Fittings Co., 
Anniston, Ala. 

Mueller Co., Chattanooga, Tenn. 

National Machine Works, 1559 N. 
Sheffield Ave., Chicago, II. 

Rensselaer Valve Co., Troy, N. Y¥. 

Ross Valve Mfg. o~ P. O. Box 


roy, 
The A. P. Smith Mite. Co., 545 N. 
Arlington Ave., E. Orange, N. J. 
S. Morgan Smith’ Co., York, Pa. 
Vapor Recovery Systems Co.,. 2820 
N. Alameda St., Compton, Calif. 
R. D. Wood Co., Philadelphia, Pa. 
VALVES, CHLORINE 
Crane Co., 836 S. Michigan Ave., 
Chicago. Il. 


Everson Filter Service Co., 214 W. 
Huron St.. Chicago, Il. 

Wallace & Tiernan Co., {nc., New- 
ark, N. 

Wilson Chemical Feeders, Inc., 110 


Washington St., Buffalo, N. Y. 


VALVES, CONE, 
Anderson Valve Corp., 
Pittsburgh, Pa. 
Chapman Valve Indian 
Orchard, Mass. 
Golden-Anderson Valve Spec. Co., 
1329 Fulton Bldg., Pittsburgh, Pa. 
Merco Nordstrom Valve Co., 400 N. 
Lexington Ave., Pittsburgh, Pa. 
Rensselaer Valve Co., Troy, N. Y. 
Ross Valve Mfg. Co., P. 0. Box 
595, Troy. N. Y. 
S. Morgan Smith Co., York, Pa. 


Oliver Bldg., 
Mfg. Co., 
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VALVES, EMERGENCY TRIP Crane Co., 836 S. Michigun Ave., Infileo, Inc., 325 W. 25th Pl., Chi- 
Crane Co., 836 S. Michigan Ave., Chicago, Ill. e oo mM. a7 - one Chicago, inde ons Ine., 
Chicago, Ul. Golden-Anderson Valve pec. Co., Simplex Valve & Meter Co., 68th Infilco, Ine., 325 W. 23th PL. on; 
Golden Anderson Valve Spec. Co., 1329 Fulton Bldg., Pittsturgh, Pa. and Upland Sts., Philadelphia, cago, i. ies +» Chi- 
1329 Fulton Bldg., Pittsburgh, Pa. lowe Valve Co., Hubbell Bidg., Pa. Jeftrey Mfg. Columbus, Ohio, 
VALVES, FLAP es Moines, fa. RO- Lakeside Rect, Corp., 22 
Chapman Valve Mfg. Co., Indian Ludlow Valve Mfg. Co., Troy, N. x. VE AGN ETC — Adams 8t., Chicago, Tl. an: 
Orchard, Mass. Merco Nordstrom Valve Co., 400 N. Jeffrey Mfg. Co., Columbus, Ohio. Lin's Belt Co.. 2045 W. Hunting 
Connelly Iron Sponge and Governor 1 azeene "Talensen es Link-Belt Co., 2045 W Hunting M ate 1 Be Fhiladelphia., ra 
,) 315 s ’ i aue: ’ ’ ° ° ‘ Municipal Servic Yo., 532 
CO ee mn” California Ave.. | ‘National Machine Works, 1550 N. Park Ave. Philadciphia, Fa. Bidg.. Kansas City, Mo. "'S*t 
Crane Co, 836 8 Michigan Ave Sheffield Ave., Chicago, IN. WASTE GAS BURNERS Omega Machine Co.. 3409 E. 18t} 
Chicago, Ill. . ” Rensselaer Valve Co., Troy, nN 7. Ralph B. Carter Co., 53 Park Kansas City, Mo. 7 Ms 
Golden-Anderson Valve Spec. Bese. Valve Mtg. Co., P. 0. Box P. agg gg City. y; Permutit Co., 330 W. 42nd st. 
Co., 1329 Fulton Bldg., Pitt O06, Trey, BH. F. acific Flush Tank Co., 4241 Ra- New York City. 
nF ag Hi &., Fitts- The A. P. Smith Mfg. Co., 545 N. _venswood Ave., Chicago, Ill. Phipps & Bird, Ine., 915 B.C 
, . Arlington Ave., E. Orange, N. J. Vapor Recovery Systems Co., 2820 St.. Richmond, Va. er 
Iowa Valve Co., Hubbell Bldg ; i - 
Des Moines, fa. ” S. Morgan Smith Co., Yeik, Pa. N. Alameda St., Compton, Calif. Proportioneers, Inc., 9 Codding st 
Ludlow Valve Mfg. Co., Troy, N. ¥. | ®-,D., Wood Co., 400 Chestnut St.. | WATER ANAT.YSIS EQUIPMENT Providence, R. I. ‘3 
M. & H. Valve & Fittings Co., ] . adelphia, Pa. AND REAGENTS Roberts Filter Mfg. Darby, Pa. 
Anniston, Ala. VALVES, MUD AND PLUG Chemlab Specialties Co., 52 Alva- Simplex Valve & er Co., 68th & 
Mueller Co., Chattanooga, Tenn. Chapman Valve Mfg. Co., Indian rado Road, Berkeley, Calif. Upland Sts., Philadelphia, Pa. 
National Machine Works, 1559 N. Orchard, Mass. Hellige, Inc., 3718 Northern Blvd., Wallace & Tiernan Co., Inc., New- 
Sheffield Ave., Chicago, II. Crane Co., 836 S. Michigan Ave., Long Island City, N. Y. ark, N. J. i 
Vogt Brothers Mfg. Co., Louis- Chicago, Ill. Permutit Co.. 320 W. 42nd St., Wilson Chemical Feeders, Inc., 110 : 
ville, Ky. Iowa Valve Co., Hubbell Bldg., New York City. Washington St., Buffalo, N. Y, 1 
R. D. Wood Co., 400 Chestnut St., Des Moines, Ia. Phipps & Bird, Inc., 915 E. Cary Worthington Pump & Mach. Corp 1 
Philadelphia. Pa. eg Valve Mfg. Co., Troy, N. Y. St., Richmond, Va. * Harrison, N. J. = 1 
= kaa Merco Nordstrom Valve Co., 400 N. W. A. Taylor & Co.. 7300 York eolite Chemical Co., 140 Cedar § 
vas ES, WLOAT - iit Lexington Ave., Pittsburgh, Pa. Road, Baltimore, Ma. ‘“: New York City. i we ] 
Anderson Valve Corp., iver Bldg.., M. q i o 4 7 “] " 
eee PO ¢ AD thy, . 4, Fittings Co., bas ee hace Co., Inc., New = START TEATION a 
Chapman Valve Mfg. Co., Indian Mueller Co., Chattanooga, Tenn. Wilkens-Anderson Co.. 111 N. Ca- ‘burgh Pa. etnethnmeedivicas 
_ Orchard, Mass. National Machine Works, 1559 N. nal St., Chicago Til ; Gane Tank & Mfc , 
Crane Co., 836 S. Michigan Ave., Sheffield Ave., Chicago, Ill. , é 3 ‘ ‘ East Chic eo. I gy ~~ 
Chicago, Ill. Roberts Filter Mfg. Co., Darby, Pa WATER HAMMER ARRESTERS Infileo ine meee W. 25 > ‘hi 
Golden-Anderson Valve Spec. Co., Vogt Brothers Mfg. Co., Louisville Water Hammer Arrester Corp.. 161 “ago 1. a one 
1329 Fulton Bldg., Pittsburgh, Pa. | cy ‘ W. Wisconsin Ave., Milwaukee, Sinai Wietieties it 
g., gh, Pa. Ky. & Municipal Service (¢ 2 
Iowa Valve Co., Hubbell Bldg., | yar yes, PRESSURE REDUCING Wis. ~——> aerctng Mga ag aiken 
Des Moines, Ia. Bk Poca sig .o : y fit Co., 330 W. 4: 
Ludiow Valve hfg. Co., Troy, N. Y Anderson Valve Cosp., Otiver Bidg., “INSTRUMENTS —a 
Nortl & Co., . eae *ittsburgh, Pa. 4 sia St 2 3 ork City. F 
7 as et oe ee Bailey Meter Co. 1072 Ivanhoe S._k. Ferguson, Douglas Hotel | Vogt Mfg. Co., Louisville, Ky. 
Ross Valve Mfg. Co., P. + Cleveland, Ohio. ¢ ( ng WATER SUPPLY 
=<." °-™ Chapman Valve Mfg. Co., IndTan NBt, "New York a 50 Church | “CONTRACTORS 
Orchard, Mass. aed x e 7 Ranney Water Collector C 
VALVES, FOOT Connelly Iron Sponge and Governor oo” 50 Chureh St.. New on York. 1510 jeotens ae 
Chapman Valve Mfg. Co., Indian Co., 3154 So. California Ave., Louisville, Ky : aie 
Orehard, Mass. Chicago, Ill. “Lakes PO tatiton i v. WATER TREATMENT FOR 
Crane Co., 836 S. Michigan Ave., Crane Co., 836 S. Michigan Ave., rants , ~ — a . ae oo a aaa - 
Chicago, Ill, g Chicago,’ Ill. sa pa ne ges hg = a oo Z 
Edson Corp., 49 D St., South Bos- Golden-Anderson Valve Spec. Co., Pa ' ie a ‘a hag es ee, Fe 
ton, Mass 1329 Fulton Bldg., Pittsburgh. Pa. Water Leak Detector Co.. 166 N ieawar’ Dante 7 : ' 
. ~ agen - Fat i a 4 ie N. Graver Tank & Mfg. Co., Ine., 
“ [ edig a “ta ~~ a So Third St., Columbus, Ohio. East Chicago, Ind. | 
Ludlow Valve Mfg. Co., Troy, N. Y. Mueller Co., Decatur, Ill. WATER LEVEL RECORDERS WATER WASTE SURVEYS 7 
Mueller Co., Chattanooga, Tenn. Northrop & Co., Inc., 50 Church Bailey Meter Co.. 1072 Ivanhoe Aqua Survey & Instrument Co., 1409 | 
National Machine Works, 1559 N. St.. New York City. Rd., Cleveland. Ohio. o Marlowe Ave., Cincinnati, Ohio. 
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INFORMATION 
ON WATER AND SEWAGE WORKS PROBLEMS 


(WHERE TO FIND IT) 


By LINN H. ENSLOW 


Editor, “Water Works and Sewerage” 


T goes without saying that information required by water Text books, manuals, hand-bocks, journals, and catalogs are 
works men and sewage works operators is not concentrated named in the attached list of recommended reference works for 
in two or three books. The nearest approach to concentrated water and sewage works men. 
information for water works men is found in the manuals pub- The list represents the majority opinions of operating men, 
lished by the American Water Works Association—“Water managers, engineers and chemists called on to offer suggestions 
Works Practice,” the “Purification Manual and the “Accounting in making up a set of reference works. It is an attempt to recom- 
Manual.” mend those books of greatest usefulness. 


LIST NO. 1 —FOR WATER WORKS MANAGERS AND OPERATORS 
[For Small and Moderate Size Systems.] 


Books Publishers Authors 
Water Works Practice—Manual of the A. W. W. A. 

NE iar hiaiibniele soplermraternns oleiesee atnanscaiee ernicteainaiee Gales Wrens TR, | i sin ipdn deeesidiscienkoeeuinas Various 
Manual of Water Works Accounting................. Am, Water Works Assn. New Yorlr Citys ...06.00 550 ck escces coke Various 
Manual of Water Quality and Treatment...............2 Am. Water Works Assn., New York City...............cccceeees Various 
The Operation of Water Filtration Plants (F)........N. C. State Dept. Health, Raleigh, N. C............cccceeeceeccceneces 
Water Supply Control (nominal charge).............. Dia Xs, SORRS eE... PERRI P,P aia oo sco ena e baceetemmerens 
Water Works Handbook ($7.00).............ceeeeeeee McGraw-Hill Co., New York City............... Flynn, Weston & Bogert 
Water Purification Control, 2nd Edition ($1.75)....... Wikiams & Wileins, Bair’, BEG io oeiccicsceecss cswsieccdespesier Hopkins 
Standard Methods of Water Analysis, 8th Ed. ($2.50). A. P. H. A. and A. W. W. A., New York City.................. Various 
Lab. Manual—Chemical & Bacterial Analysis 

Water and Sewage, 2nd Edition ($2.50)........ ..... McGraw: Hill Co., New York City.......... Theroux, Eldridge, Mallman 
Water Purtication (97.00) ....eécccccciccesccsssecceves MmicGtaw tsa, Co. NeW Vere CAee vic adnkinassdcesradavasessaeen Ellms 
Copper Sulphate in Control of Micro Organisms (F).. Phelps Dodge Refining Corp., New York City..................2-5 Hale 
Pe CD. SE cscas teadbetanes bdkea kanenseetaneves Domes Weis Tee Ca, Gi a os an cece bieke concen poeteanes 
Conversion Factors for Engineers (F)................ Dee DOGE Ce TH CO IE ook oon cee tea od le oT Se eblnn sae eeeen 
Engineering Data in Flow of Fluids in Pipes (F)...... ee eee Se nn oem oi ea enn aig areas oman hie tes Bone eee EE 
Bul. No. 21 (a Handbook on Hydraulics) (F)......... atianas “Fuge Ce. Pare. Peds caiscucosssnsanhcnesecass panteasee 
Handbook of Cast Iron Pine (FP )i...5<..cccccccccsesc ses Cast iron Pine Gesenccn ASO, CIa Oe iii os iin 5 sis:ciciew semraawoN p eteweares 
Elements of Water Supply Engineering (2nd Ed.).....John Wiley & Sons, New York City................00ecceeeee Waterman 
Technical Bulletins on Chlorination (F)............... Wallace & Tiernan Co., Newark, N. J............. Re ea ae ry S Various 
Hydraulic Tables—3rd Ed. ($2.00)..............0000- john Wiey & Sons, New Yorle: Cay .....56.06.cceccsas Williams & Hazen 
Handbook on Fire Protection ($4.50)................. D. Van Nostrand Co., New York City........... Crosby, Fiske & Forster 
Fire Engine Tests and Fire Stream Tables (F)....... National Board of Fire Underwriters, N. Yi. o6..ci cc ctasccs covesoscwen 
Premier 8 TISWANGO CO0OG) vic cieciciescdiecvesedenscseess MeGraw-Fimt Co., NOW VO Cite. oi ob cid c sides ewseserkcina nee Dibble 
Examination of Water—6th Ed. ($3.00)............... John Wiley & Sons, New York City... ........cc0cse0e- Mason & Buswell 
Public Water Siupplies—4th Ed. ($6.00)................ John Wiley & Sons, New York City................ Turneaure & -Russell 
American Civil Engineering Handbook—Sth Ed. ($8.00) John Wiley & Sons, New York. City................ Merriman & Wiggin 
Lefax—Data Sheets for Loose Leaf Note Books...... Leta: Tit... Pmt, Gs aw hoo icc bab iw ee eens aveeieaaow Various 
Water Supply & Treatment (F)..............0cceceee National Lime Acon., Washiuiiett, D. Cosccc ins ci cndtececdeds sas Hoover 
Treatment of Municipal and Industrial Waters—Tech. 

BEN TNO) ME OP Vans neo weoare ence oaniowh wetness edsieces The Solvay Process o,, New VYoris City icc. oncieie cc shtsdiesed cesdaawn 
A. B.C. of Hydrogen lon Control CF) ...6066602 0600 Lammatte Gomindiny;, Maremiere, BAG goo assess hin sccn oon scect geek badewer 
ee DT. CN. BP Rica vinktdesencnediveceones We Fae SE Gaia I, SII es cs. cconccadbedh becdvecnepeeemcured 
Microscopy of Drinking Water (4th Ed. $7.00)........ John Wiley '& Sons, New York City .oiicsccccacsciscccvece Whipple-Fair 
SN SI I a cattiarn inca priian cick acai witeacuneiaa Jotun Wiley @ Sons, New York City. ic cios sccccec ys cceavacewcbnes Tracy 
Water Purification for Plant Operators ($2.50)........ McGraw-Hill Co., New York City...................Norcom and Brown 
Water Treatment and Purification ($2.50)............ McCraw Fat Co. New: Ft OG oes icnisascdisstnconssaiensiinneeekeas Ryan 
Water Rate Structures in America (F)..............-. Public Service Commission of Wisconsin, Madison, Wis...............26. 





(F) Available as Free Publication at this writing. 
Journals and Magazines (Applies to Lists 1 and 2) 


Journal and Monographs of the American Waterworks Association 
Journal of the New England Water Works Association. 


Current Water Works Technical Magazines and Trade Papers. 


















































LIST NO. 2—FOR MANAGERS, CHEMISTS AND OPERATORS OF LARGE WATER WORKS 
(In addition to List No. 1) 


Books Publishers Authors 
6 ke. BRS eer John Wiley & Sons, New York City.................... Ward & Whipple 
i ef) errr DECREE CE, OO BOO CM ccccciesitcceccdsvinsscaeseseeeocer Smith 
Cee WEEE CID onde occccescccccececccccccsvn scleernnee GGEe GA, SUG TORE Cllr... . .cccccccccccsces C. F. Tolman 
ES ee ee re ere ee McGraw-Hill Boook Co., New York City............ Hanna and Kennedy 
Elements of Water Bacteriology—Sth Ed. ($2.50)..... John Wiley & Sons, New York City.............000- Prescott & Winslow 
“Industrial Water Supplies” (nominal charge)......... Ohio Geological Survey, Columbus, Ohio................... C. W. Foulk 
pH and Its Practical Application ($3.50.............. Williams & Wilkins Co., Baltimore, Md......... LaMotte, Kenny & Reed 
Elimination of Tastes and Odors in Water ($5.00)....McGraw-Hill Co., New York City............. ccc cece cece ee cees Baylis 
Boiler Feedwater Purification ($4.00)................. Beeteaw-bit Go. NCW WOK Cie io icccivccccccccccvoscccicoceves Powell 
Chemistry of Water and Sewage Treatment****....... Chemical Catalog Company, New York City****................. Buswel] 
Water Borne Typhoid Fever Outbreaks (nominal)..... Fe EE ED Sax ccddenciveceverzenvceers Wolman & Gorman 
Textbook of Bacteriology ($8.00).................e06- D. Ageieton & Ca., New York City... cccccccccscccccces Zinser & Jones 
Corrosion; Causes and Prevention ($7.00)............ Dretoeawe-rtt) Co. New Ver Gib onc cccccccsvsccowcssicvccecsecce Speller 
Water Supply Paper No. 658 (Quality of Waters) 

ARE ES IS SE AEE OE Poe U.S. Geolomical Survey,. Washington, D. Coe cccsicceccissccasvcewss Stabler 
Water Supply and Sewerage ($5.00)................. Dietraea Er CO. THEW TORR, CIR oe osc dic ccciscs ssinsennoaeseielos ences Steel 
Water Supply Engineering (3rd Ed. $6.00)............. McGraw-Hill Co., New York City.................000. Babbitt & Doland 
Handbook of Hydraulics ($4.00).................2008- Peete COL, TOE VOU CG a ov oic dic cicicccanscucvosineacventons King 
Concrete Engineers’ Handbook ($6.00)........... cece MeeCGtaw-ra) Co, New York City. .6..... ec iecccesseccsses Hool & Johnson 
Poteet Comeanion (GOmmiel) ....... 60 cc cccccccecccccece Carnestc Steel Corn., NEW SOP CHF... oes sc scccecccvcccssoseceseeneccnes 
Business Law for Engineers ($4.00)...............4.. ES ee Ce ne eer Allen 
Mechanical Engineers’ Handbook—llth Ed. ($5.00)....John Wiley & Sons, New York City............ ccc cece eeceesececeees Kent 
Elements Of Fivdraulics (61.50) ....02ccccvccccecessess TOE WEEE Ge BOGE, TOW VOR CIEE occ. cciciieccswesscscteveciosion Merriman 
The Hardy Cross Method of Distribution System Design. Univ. of Illinois Engr. Exp. Sta. Bul. No. 286............... Hardy Cross 
Guiding Principles of Public Service Regulations 

8 SR ae et pe a ae ls eae rer: Public Utilities Reports, Inc., Rochester, N. Y. ...............000- Spurr 
Theory and Practice of Public Utility Valuation****.. McGraw-Hill Co., New York City****............. cece eee eee e ee Maltbie 
ee Ce ec ewnec bade nee Gea enaws ashen MeGraw-litll Co., New York Coty... nc ccccevccscccssccnnes Barker 
Public Utility Rate Structures ($4.00)................. Meret Co., TOW FOE Ge ea bids vieceircecscccadenesevecevens Nash 
Census of Munic. Water Purification Plants (nominal). Am. Water Works Assn., New York City..............cccseeseeceeecees 
Business Administration for Engineers ($5.00)........ McGraw-Hill Co., New York City................... Harding & Canfield 
Census of Municipal Water Purification Plants (50c)..Am. Water Wks. Assn., New York City............. ccc ce cee eeeeeeees 
Index to Jour. of A. W. W. A.—1881-1933 ($2.50)..... Rae. Wate Wee. Bae, Fe TO Gi eon cece gccscescvcccccssscvans 





****Out of print. Try National Bibliophile Service, 347 Fifth Ave., N. Y. City. 
For Journals see list No. 1. 


LIST NO. 3—FOR OPERATORS AND MANAGERS OF SMALL SEWAGE WORKS** 


Books Publishers —~ Authors 
Principles of Sewage Treatment (F).................. National Lime Assn., Washington, D. C............ W. Rudolfs and Staff 
Operation and Control of Sewage Treatment Plants.... New York State Dept. Health.................. N. Y. State Dept. Health 
Oe TORE CERO) oc oc cicccccccicccctsaveocces John Wiley & Sons, Inc., New York City................ Imhoff and Fair 
Sewerage and Sewage Disposal Text Book ($6.00)..... MeGraw-FinisCo., New York City... icccsc cccscceccsvoves Metcalf & Eddy 
Sewage Treatment Works ($6.00)................0002: McGraw-Hill Book Co., New York City..............ccecceccccees Keefer 
Bulletins Nos. 59, 68, 69, 84 and 86 (F)............... OWS, Siete Camese, BUS, TOUS. oiii cnivncc Deter ccscarincnssesa'e Various 
Manual of Sewage Works Operation (nominal)....... New Jersey Sewage Expt. Sta.. New Brunswick, N. J..............000- 
Reprints of Technical Papers on Chlorine 

in Sewage Treatment (F)...................000 cee Wallace & Tiernan Co., Newark, Ni J... cc ccccscsscssecisaienemes Various 
Chlorination in Sewage Treatment (F)............... Ammer. Pub. Mealtth Assn. N.Y. Conic ccccsccscceccss Committee Reports 
Chemical Treatment of Sewage (nominal)............ Amer. Pub. Health Assn., N. Y. C.....-.......20eeeee: Committee Report 
Standard Methods of Water and Sewage Analysis ($2.50) Amer. Pub. Health Assn., N. Y. C............ A. W. W. A.-A. P. H. A. 
Laboratory Manual of Water and Sewage Analysis 

EE ie thd eg es x bdebh ee.nndedescadhen cow anit McGraw-Hill Co., New York City......... Theroux, Eldridge & Mallman 
Sewer Rentals (51.50). on. cciccceccscsecscroensassacd Am. Public Works Assn., Chicago.........cccscsccsccccccscescs Various 


Journals and Magazines 
Sewage Works Journal—(Official publication, Sewage Works Federation) 
Current Sewerage Magazines 
LIST NO. 4—~FOR MANAGER, CHEMISTS AND OPERATORS OF LARGE SEWAGE WORKS** 
(In addition to List No. 3) 


Books Publishers Authors 
American Sewage Practice Vol. 3, Sewage 

Treatment (1935 Edition) ($7.00).................. McGraw-Hill Co., New York City................ceceeee Metcalf & Eddy 
Solving Sewage Problems ($6.00)...................- McGraw-Hill Co., New York City.................. Fuller & McClintock 
Sewerage and Sewage Treatment—4th Ed. ($5.00)..... Tab Weies & Some, Mew Vt Ci oniioik cc cccccicscwasvvcecncdeese Babbitt 
The Chemistry of Water and Sewage Treatment****.... Chemical Catalog Co., New York****............. 0... cc cee anes Buswell 
The Hoover Plumbing Code (B. H. 13) (nominal)..... a i. NM HN SO i osask, 9: 0: ohm don! 6ssaiaialn: bin’ aigne ana RRS we Cmie a eae 
Sewerage and Sewage Treatment—5Sth Ed. ($5.00)...... Intl. Text Book Co., Seranten, Pa. cccccccscccccedesecavesacs Hardenberg 
SU. DOtee Be CRI oan as viaidin cc vaneescswwnes john: Wiley & Sons, New York City sic. s cv ccescesccsssssesoances Fotwell 
I SEO acca cnn wrk ounce suisse aivawind John Wiley and Sons, New York City****....Kinnicutt, Winslow & Pratt 
Modern Sewage Disposal ($3.50).................08- Federation of Sewage Works Assns., New York City............ Various 
NT Re OS ener rare ee a ree Bevan and Rees 
Industrial Waste Treatment Practice.................. RacGtaw-Frin CO, NOW VOC Gaia cccn acdc cass ccvece siecsig since’ Eldridge 


(F) Available as Free Publication at this writing. 
****Out of print. Try National Bibliophile Service, 347 Fifth Ave., N. Y. City. 


** Note—Sewerage men should examine Lists 1 and 2—also for several (F) publications of value to all alike—for instance, “Con- 
version Factors for Engineers” and the hand-books of pipe and pump data. 
































































PART I. WATER 


FLOW, FRICTION, MEASUREMENT AND POWER 


The rate of flow or the volume of water passing a cross sec- 
tion of a stream in a unit time is called the “discharge.” If a 
uniform velocity at all points in the cross section of a stream 
were possible, there would be passing any cross section of the 
stream, every unit of time, a prism of water having a base equal 
to the cross-sectional area of the stream and a length equal te 
the velocity. However, due to the varying effects of friction 
and viscosity, the different filaments of water move with differ- 
ent velocities. For this reason it is common in hydraulics to 
deal with “mean velocities.” 

The discharge may be — in terms of the mean velocity : 

= av 
where Q = Discharge in cubic feet per second. 
a = Cross-sectional area of stream in square feet. 
v = Mean velocity in feet per second. 

When the discharge is constant (i.e., when the same quantity 
of water passes any cross section of a stream during equal suc- 
cessive intervals of time) the flow is said to be “steady.” 

Flow is said to be “uniform” when there is little or no change 
in the cross section or velocity from point to point in a stream. 

Thus uniform flow implies similarity of conditions at suc- 
cessive cross sections at any given instant, while steady flow in- 
volves permanency of conditions at any particular cross section. 

In hydraulics the term “pressure head,” “static head” or sim- 
ply “head” is used to designate the vertical height of a static 
column of liquid which, due to its weight, would produce a 
pressure equivalent to the pressure in the fluid at the point in 
question. 

The “velocity head” is the height through which a body must 
fall in a vacuum to acquire the velocity with which water flows 
in a stream. The velocity head corresponding to any velocity is 
equal to the static head, which (neglecting friction) could cause 
(or could be caused by) that velocity. The relation between 
velocity head and velocity may be expressed by the formula: 

v 


ho=— 


g 
where /iy = Velocity head in feet. 
v = Mean velocity in feet per second. 
g = Acceleration of gravity = 32.174 feet per second per 
second. ‘ 


Flow of Water Through Orifices and Tubes 


As commonly used in hydraulics, the term orifice is used to 
designate an opening with a closed perimeter, and of regular 
shape, through which water flows. If the perimeter is not 
closed, or if the opening flows only partially full, the orifice be- 
comes a weir. 

An orifice with prolonged sides, such as a short piece of pipe 
two or three diameters in length, set in the side of a reservoir, 
is called a tube. An orifice in a thick wall has the hydraulic 
properties of a tube. 

The theoretical velocity of a stream or jet of water issuing 
from an orifice is given by the formula: 

vt = V2gh 
where vt = Theoretical velocity in feet per second. 
g = Acceleration of gravity = 32.174 feet per second per 
second. 
h = Head on the center of the orifice in feet. 

‘The actual velocity of the jet is less than the theoretical ve- 
locity because of the frictional loss which occurs as the water 
approaches the orifice. The ratio of the actual mean velocity, 
v, to the theoretical velocity, vt, is called the “velocity coeffi- 
cient” and is designated by the symbol Cv. The actual mean 
velocity of the jet is therefore: —__ 

v= CvV2gh 

The stream or jet issuing from an orifice is not in all cases 
the same size as the opening of the orifice because of contrac- 
tion effects in certain cases and flaring effects in other cases. 
The “contraction coefficient,” Cc, of an orifice is the ratio of 
the cross-sectional area of the jet to that of the orifice. 

The discharge from an orifice is given by the formula: 

Q =CvCeaV2gh 
where Q= Discharge in cubic feet per second. 
a = Area ot orifice opening in square feet. 

It is customary to combine the coefficients Cv and Ce into a 
single coefficient Ca which is called a “discharge coefficient.” 





The discharge coefficient is therefore a product of the velocity 
coefficient and the contraction coefficient, or Ca = Cv X Ce. 
The formula for discharge from_an orifice then becomes: 
Q = CaaV2gh 
Table 12 gives average values of discharge coefficients for 
various types of orifices and tubes. 


Flow of Water in Pipe and Open Channels 


As the term is used in hydraulics, a pipe may be defined as a 
closed conduit which flows full under pressure. By open chan- 
nel is meant any kind of water course with the top surface of 
the flowing water exposed to the atmosphere, such as a canal, 
aqueduct, flume, sewer or river. 

The “wetted perimeter” of any conduit is that portion of the 
a of the cross section of the conduit in contact with the 
iquid. 

The “hydraulic radius” of a conduit is the cross-sectional 
area of the stream, divided by the wetted perimeter of that 
section. For a circular pipe flowing either full or half full the 
hydraulic radius is one-fourth the pipe diameter (or one-half 
the pipe radius). 

If a tube is tapped into the wall of a vessel or pipe contain- 
ing water under pressure, the water will rise in the tube to a 
height equal, to the head producing the pressure at the point 
where the tube is inserted. Such a tube is called a “piezometer” 
tube. Piezometer tubes measure pressure above atmospheric 
pressure (gage pressure) since the water surface in the tube ise 
subjected to atmospheric pressure. When piezometer tubes are 
used to measure pressure heads in pipes where water is in mo- 

















Table 12 
Discharge Coefficients for Various Types of Orifices and 
Tubes 
Average 
Diagram Description discharge 
coefficient, Cg 
SHARP-EDGED ORIFICE 
The stream is contracted to about 0.61 
0.62 of the area of the opening. 
ORIFICE WITH WELL-ROUNDED 
ENTRY 
There is little or no contraction and 0.98 
the stream is about the same size as the 
opening. 
SHORT TUBE OR ORIFICE IN 
THICK WALL WITH SQUARE- 
EDGED ENTRY 
When flowing full. 0.82 





When the length of the tube is 2} di- 
ameters it is called a ‘‘standard short 
tube”’ 











SHORT TUBE OR ORIFICE IN 
THICK WALL WITH SQUARE- 
EDGED ENTRY 


When the stream springs clear from 
the tube at the upstream corner the 
flow is the same as for a sharp-edged 
orifice. 


0.61 











Pr 
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RE-ENTRANT TUBE 
Loam about 214 diameters. Flowing 0.73 
ull. 7 


u 
4 
= =v? 


< 
Sv 


os 





RE-ENTRANT TUBE 


When the length is about one diam- 
eter it is called “Borda's Mouthpiece”. 0.52 
po. mg springs clear of the walls of the 
tube. 




















*The material under this heading has been drawn from National Tube 
Company’s Technical Bulletin No. 21. 
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Direction of flow 


esc 


fig. 35—Hydraulic Grade Line 


tion, the end of the tube should enter the pipe at right angles to 
the direction of flow and the end of the tube should be flush 
with the inner surface of the pipe. 
If a pipe full of water is provided with several piezometer 
‘tubes, a line joining the tops of the columns of water in the 
tubes is called the “hydraulic grade line,” and the slope of this 
line is the “hydraulic slope” or simply the “slope.” Two pie- 
zometer tubes attached to a pipe line are shown in Fig. 35. The 
line joining the tops of the columns of water in the tubes rep- 
resents the hydraulic grade line and Af represents the loss of 
head in length 7. The hydraulic slope, s, is therefore: 
hy 
s= 


l 











Friction 


There is always friction between moving water and the sur- 
face with which the water comes into contact. There is also 
friction between the moving particles of the water themselves 
which is commonly called viscosity. 

Water particles in contact with the conduit surface are re- 
tarded by friction, and viscosity causes a retardation of the 
particles removed from the conduit surface. Therefore, water 
flowing in a pipe has its maximum velocity at the center and its 
minimum velocity near the pipe walls. 

If there were no friction losses, the theoretical velocity, vt, at 
which water would discharge from a pipe or channel would be 
vt = V2gh. In any long pipe or channel, however, the greater 
portion of the total head is used in overcoming friction. 

The amount of frictional resistance offered by any surface 
increases with the degree of roughness of the surface. The 
resistance due to viscosity decreases as the temperature of the 
water increases. 

The loss of head due to the combined effects of viscosity and 
friction between the moving water and the surface of the con- 
duit is usually referred to as the loss of head due to friction. 

The influences of friction and viscosity on the flow of water 
have been determined experimentally by various authorities and 
a variety of formulas for the loss of head due to friction have 
been derived. Only a few of the best-known and most generally 
used formulas will be presented in this article. 

In addition to the loss of head due to friction, other losses 
of head result from changing the velocity or direction of flow. 
These special losses are considered in Table 21. 


Formulas for Flow of Water 
In Pipe and Open Channels 


The Chezy Formula : 
The most generally used formula for determining the velocity 

of flow of water in pipe and open channels is the Chezy 

Formula: . 

v=ceVrs,orv=cr’'s** 

where v = Mean velocity in feet per second. 

r = Hydraulic radius in feet. 

s = Hydraulic slope in feet per foot of length. 

c=A coefficient which Chezy considered to be constant, 


but which is now known to vary with the hydraulic 
slupe and hydraulic radius as well as with the 
degree of roughness of the surface with which the 
water comes in contact. 

This formula, although originally designed for open channels 
is with proper modification applicable to either open channels 
or pipe. 

The Hazen-Williams Formula 

For the same degree of roughness, the value of ¢ for the 
Chezy Formula increases with the hydraulic slope and with 
the hydraulic radius. This is due to the fact that the exponents 
used for the terms in the formula are less than the true values. 
If the exponents were increased to correspond more nearly with 
the facts, the variation in the value of c would become smaller. 

The Hazen-Williams Formula was designed with a view of 
obtaining a minimum variation in the value of c for all con- 
duits of the same degree of roughness. That is, the object was 
to select values for the exponents such that c would be, as 
nearly as practicable, a function of the degree of roughness of 
the conduit surface and not of the hydraulic radius and slope. 

The Hazen-Williams Formula is: 
v= cr" $"0.001"* 


where v = Mean velocity in feet per second. 
r = Hydraulic radius in feet. 
s = Hydraulic slope in feet per foot of length. 
c = Hazen-Williams coefficient of roughness. 

The last term (0.001-""%) is a constant, and was introduced 
simply to equalize the value of c with the value in the Chezy 
Formula and other exponential formulas which may be used 
as a slope of 0.001 instead of at a slope of 1. Since 0.001-°* 
equals 1.318, the Hazen-Williams Formula may be written: 


v = 1.318cr-“s°™ 


Values of Coefficient "C" 


The following values of the coefficient c may be used in the 
Hazen-Williams Formula for computing the loss of head due 
to friction in new well-laid pipe: 

Kind of Pipe Coefficient c 

48*7 


Kind of Pipe Coefficient c 


National Duroline ..... Wee BONGO .scdivcccces 120 
Wrought Steel ......... 140 Riveted Steel .......... 110 
Small Brass and Copper 130 Vitrified Pipe ...cccccee 110 
~ 2 ae 130 Brick Sewers .......... 100 
ee 120 





*“Duroline”’ pipe is protected against internal corrosion and 
mounting friction losses by a cement base composition lining 
of a highly durable nature.—Ed. 

Approximately the same for cement lined pipe.—Ed. 

It must be understood that these values depend upon the 
smoothness and regularity of the surfaces and are likely to vary 
in individual cases. In designing a pipe line it is customary to 
use somewhat lower coefficients than those above, to allow for 
variations due to local conditions, and for reduction of carrying 
capacity with age due to roughening of the inside surface, 
accumultaion of corrosion products, and tuberculation. How- 
ever, in case of Duroline Pipe, the volume of flow remains 
practically unchanged over long periods of service due to the 
fact that rust tubercles do not form and the initially smooth 
inside surface is retained. 

Tables 15 and 16 have been prepared to furnish directly the 
loss of head (hs) in feet per 1000 feet of pipe of various sizes 
for different velocities and values of the coefficient c. Similar 
data for Duroline Pipe, based on a value of c= 148, is given 
in Table 17. These tables were calculated for actual interna! 
diameters by the following arrangement of the Hazen-Williams 


Formula: 
0-54, v 
ht = 1000 Vi rae 


where jij = Loss of head in feet due to friction per 1000 feet 
of pipe = 1000s. 

The loss of head (hr) for any value of the coefficient ¢ not 

given in Tables 15 and 16 may be determined by multiflying 


0-54 100 
the loss of head (hf) for c = 100 by the factor C. 


Values of this factor corresponding to various values of the 
coefficient c are given below: 





Factor = Factor = 
0.54 100 0-54 —~T00 
Coefficient c — Coefficient c a 
c c 
60 2.575 110 0.8382 
70 1.936 120 -7135 
80 1.512 130 .6152 
90 1.215 140 .5363 




























Table 15 
Loss of Head in Pipe by Friction for National A.P.I. Line Pipe, Calculated by Hazen-Williams Formula 




































































































































































































































Discharge in Vel 
ne ity in Loss of head in feet Discharge in Vv ; 
Pipe side Gal- es per 1000 feet of pipe (hy) E In- Veloc- Loss of head in feet 
: vise cm lons | Gallons or Pipe side | Gal- | — per 1000 feet of pipe (4/) 
inches | | - per per 24 | cond _size | diam- | lons | Gallons| . 
inches | min- | hours a inches | eter per r 24 per 
ute (v) c=140 =120 | c=100 | c=80 inches : second 
ee. (v) | c=140 | c=130 | c=120 | c=100 
= ute 
I 1.049 3 4,320 1.114 6.72 8.94 12.5 18.9 = 
} 4 5.760 1.485 11.4 15.2 21.4 32.3 
5 ie : — "7 3 23.0 32.3 48.8 2% 2.469 2 11,520 0.536 0.639 0.733 0.851 1.19 
Y E ° 14, d F 
8 11,520 2.970 4! ; = : = ; 117 4 12 nop Bos a ; i ; fo ; - 
| 10 14,400 | 3.712] 62.5 83.1 | 117 176 16 | 23.040 | 1.072] 2.31 2.65 3.07 4.30 
a 17,280 | 4.455| 87.6 | 117 163. 247. 20 28.800 | 1.340| 3.49 4.00 4.64 6.51 
- = 5.940 | 149. 198 278. 421 25 36,000 | 1675} 5.27 6.05 7.02 9.83 
<< | sori oul oe lon toe le Bw | ese | See) as | ee | oe foe 
5 ° i 454. 136. I J .7O1 7 ‘ 91.4 128. 
= pga pe = 630. Sor . 1347. pa prone 19.052 _ o4 194 = > 
s 50, x 4 4! 1185. 1792. 285,000 13.402 | 24 284 330 462 
40 57.600 | 14.849 | 814. 1083. 1518. 2295. 250 | 360,000 | 16.753 | 375. 430 499 699. 
14 1.380 4 5.760 | 0.858 3.01 4.01 5.61 8.49 300 | 432,000 | 20.103 | 520 003. 980. 
5 7,200 | 1.073 4.55 6.06 8.49 12.8 
6 8,640 | 1.287 6.38 8.49 11.9 18.0 3 3.068 10 14,400 | 0.434] 9.336] 0.385] 0.446] 0.626 
8 11,520 | 1.716 10.9 14.5 20.3 30.6 15 21,600 O51 7 .816 946 1.33 
10 14,400 | 2.145 16.4 21.9 30.6 46.3 20 28,800 .868 1.21 1.39 1.61 2.26 
12 17,280 2.574 23.0 30.6 42.9 64.9 25 36.000 1.085 1.83 2.10 2.44 3.41 
16 23,040 | 3.432 30.2 52.2 73.2 Mt. 50 72,000 | 2.170 6.61 7.58 8.79 12.3 
i Celtalariale iS eo | rasovo | $a80| aor | oB8 ais. | ror 
40 | 7.600 | 8.960 9 po Soe. = 300 | 432,000 | 13,020 | 182. 209 243. 340. 
60 86,400 | 12.870} 454. 603. 846. 1279. 400 576,000 | 17.360 | 3IT. 357 414. ‘ 
80 115,200 | 17.160] 773 1028. 1441. 2178. 500 720,000 | 21.699 | 470. 539 625. 876 
11g | 1 610 4 5.760 | 0.630 I , 
5 7.200 788 oe ; & re ripe} 3% | 3.548 10 14.00 | © 325| 0.165] 0.190] 0.220} 0.308 
6 8,640 946 or Ps ‘ 7 15 21, A87 .350 .402 . 466 -653 
8 11,520 | 1.26t 2 nd é = 2 Rey 20 28,800 649 .507 .684 794 | 1.11 
10 14,400 1.576 7.76 10.3 14.8 23.9 25 36,000 8ur 902 1.03 1.20 1.68 
12 | 17,280 | 1.891] 10.9 | 14.5 | 20.3 | 30.6 50 | 72,000 | 1.623] 3.26 | 3.73 | 4.33 | 6.07 
16 23,040 | 2.521 18.5 24.6 34.5 52.2 100 | 144.000 | 3.245 | 11.8 13.5° 15.6 21.9 
20 28.800 152 4 200 | 288.000 | 6.490] 42.4 48.7 50.4 79.1 
3.15. 28.0 37.2 §2.2 78.9 e 
30 43,200 4.728 59.3 78.9 III. 167. ore pip 9.735 89.9 — pont 168. 
50 | 72,000 | 7.880) 153. 203. 285. 43t 400 | 576,000 | 12.980 | 153 176. 204. 286, 
75 108,000 | 11.820] 324. 431. 603. 912. S00 720,000 | 16.225 | 231. 206 308. 432. 
100 | 144,000 | 15.759 | 51. 734. | 1028. | 1554. con | Sacee | 19.470) Bs. 378. 452. es. 
125 | 180,000 | 19.699} 833. 1109. 1554. 2350. ‘ ” - 
402 20 28.800 | 0.504] 9 322] 9-370] © 420] 0.601 
? 2.067 ; out 0.508 : 892 1.19 1.66 2.51 25 36,000 630 487 .559 648 .909 
7 rey : 3 52 = 2.83 4.28 30 43,200 -756 683 784 909 1.27 
a ia , - + 3 . en 6.47 40 57,600 1.008 1.16 1.33 1.55 2.17 
- ps : : 4 -a 4. .00 9.07 50 72,000 1.260 1.76 2.02 2.34 3.28 
a Pood : 530 ; 7-30 10.2 15.5 100 144,000 2.520 6.35 7.28 8.45 11.8 
pod : HH re 11.3 15.5 23.3 200 288,000 5.940 | 22.9 26.3 30.5 42.7 
= po ~~ 17 23 4 32.8 49.5 300 | 432,000 | 7.561 | 48.6 55.7 64.6 90.6 
a Ra ong 4 45 H >? 84.3 128. 400 576,000 | 10.081 | 82.7 94.9 110 154. 
am seams he 4 ro Pg rf = _ oe 125. 143. 166 233. 
i : 5. : : ; ,000 | 15.121 | 175 201 233 327. 
150 — 14.342 | 346. 460. 645. 975. 800 [1,152,000 | 20.162 | 209 343. 397. 557. 
200 288,000 | 19.122 | 5890. 784. 1099. 1661. | 
Discharge in 2 Discharge in 
i Veloc- — ve In- Veloc- Loss of head in feet 
n ty A“ . : - | ity in : 
Pipe | side | Gal- ity in per 1000 feet of pipe (4/) Pipe | side Cubic} ‘feet per nese Seat of pipe (%y) 
size | diam- | lons | Gallons _ _Size_| diam- | Gallons | feet per 
inches | __ eter per er 24 ee | inches | _ eter 24 | Per | second 
Pies A (Pat ours. | second inches ours | sec- ) 
oe , (v) | c=140 | c=130 | ¢=120 | c=100 ond | © oe ee ee ee 
} — - 
5 5.047 30 43.200 | 0.481 | 0.227] 0.261] o 292] 0.424 10 | 10.020 | 3,000,000] 4.642] 8.475] 20.7 3.8 27.6 38.6 
49 | s7.000 | 642 387 444 515 722 4,000,000 | 6.189 | 11.302} 35.3 | 40.5 | 47.0 | 65.8 
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Table 16 


Loss of Head in Pipe by Friction for Large Diameter Pipe Listed by I. D. Sizes, 
Calculated by Hazen-Williams Formula 





















































































































































































rae ce Discharge in : bs ie : : a 
woe Sate = Yotgeley Loss of head in feet — — Dischargs in Velocity, po | pe in feet 
Million| Cubic — per 1000 feet of pipe (h;) lamever =| Million| Cubic | 7 feet per 1000 feet of pipe (h;) 
gallons} feet | . cond gallons} feet ed 
Inches| Feet 24] per (2) Inches! Feet r24| per second 
(D) ours | second c=140 | c=130 | c=120 | c=100 nehes| “(D) ours | second (v) c=140 | C=130 | C=120 | c=109 
22 1.8333 I 1.547 0.586 0.059 0.067 0.078 0.110 42 3.50 5 7.730| 0.804 0.050 0.057 0.066 ° 
2.5 3.868 | 1.465 .321 .368 427 508 10 15.47 | 1.608 .179 .206 .238 — 
5 7.736 2.931 1.16 1.33 1.54 2.16 15 23.21 2.412 ; .430 .505 708 
| 7.5 | 11.60 4,396 2.45 2.81 3.26 4.57 20 30.94 | 3.216 -647 -742 861 | tar 
10 15.47 5.861 4.18 4.79 5.56 7-79 30 46.42 | 4.824 1.37 1.57 1.82 2.56 
15 23.21 8.792 8.86 10.2 11.8 16.5 40 61.890 6.433 2.34 2.68 3.11 4.35 
20 30.94 11.722 15.1 17.3 20.1 28.1 50 77.30 8.041 3.53 4.05 4.70 6,58 
25 B.08 | 14.653 | 22.8 26.2 30.3 42.5 75 | 116.0 | 12.061 | 7.48 8.58 | 9.95 | 13°9 
24 2.0000 2 3.004 0.985 0.139 0.159 0.185 0.259 48 4.00 5 7.736| 0.616 0.026 0.030 0.034 0. 
5 7.730 2’. 462 -758 .869 1.01 1.41 10 15.47 1.231 004 .107 .124 -< 
7/5 | 11.60 3.694 1.61 1.84 2.14 2.99 20 30.94 2.462 -338 -387 -449 .630 
10 15.47 4.925 2.74 3.14 3.64 5.10 30 46.42 | 33604 715 821 .952 | 1.33 
15 23.21 7.387 5.80 6.65 70 10.8 40 61.89 | 4.925 1.22 1.40 1.62 2.27 
20 30.94 9.850 9.87 11.3 13.1 18<4 50 77.30 6.156 1.84 2.11 2.45 3.44 
25 38.68 12.312 | 14.9 17.1 19.9 27.8 75 116.0 9.234 3.90 4.48 5.19 7.28 
30 46.42 14.775 20.9 24.0 27.8 39.0 100 154.7 12.312 6.65 7.63 8.85 12.4 
26 | 2.1667 2 3.004 | 0.830 0.004 0.108 | 0.125 | 0.175 54 4.50 10 15.47 | 0.973 0.053 0.060 | 0.070 | 0.008 
5 7.736 2.098 -513 .589 683 957 20 30.94 1.946 .190 .218 253 .35S 
7-5 | 11.60 3-147 1.09 1.25 1.45 2.03 30 46.42 2.919 .403 .462 .530 752 
10 35.47 4.196 1.85 2.12 2.46 3.45 40 61.890 3.801 .687 788 913 1.28 
15 23.21 6.295 3.93 4.50 5.22 7.32 50 77.36 4.864 1.04 1.19 1.38 1.94 
20 30.94 8.303 6.69 7.67 8.90 12.5 75 116.0 7.296 2.20 2.52 2.93 4.10 
25 38.68 10.491 10.1 11.6 13.4 18.8 100 154.7 9.728 3.75 4.30 4.98 6.99 
30 46.42 12.589 14.2 16.3 18.8 26.4 125 193.4 12.160 5.66 6.50 7.54 10.6 
28 | 2.3333 - 3.094 0.724 0.066 0.075 0.087 0.122 60 5.00 10 15.47 0.788 0.032 0.036 | 0.042 | 0.059 
5 7.730 1.809 .358 .410 .476 .667 20 30.94 1.576 114 .131 151 .212 
7.5 | 11.60 2.714 758 .869 1.01 1.41 30 46.42 | 2.364 241 277 321 -450 
10 15.47 3.618 1.29 1.48 1.72 2.41 40 61.80 3.152 411 -471 547 - 766 
15 23.21 5.428 2.74 3.14 3.64 5.10 50 77.36 3.940 621 -713 827 1.16 
20 30.94 7-237 4.66 5.35 6.20 8.69 75 116.0 5.910 £.38 1.51 1.75 2.45 
25 B 9.046 7.05 8.08 9.37 13.1 100 154.7 7.880 2.24 2.57 2.98 4.18 
30 46.42 10.855 9.88 11.3 13.1 18.4 125 193. 9.850 3.39 3.890 4.51 6.32 
30 | 2.5000] 5 7.736 1.576 0.256 0.293 | 0.340 | 0.477 66 5.50 10 15.47 | 0.651 0.020 0.023 | 0.026 | 0.037 
10 15.47 3.152 .923 | 1.06 1.23 1:72 20 30.94 | 1.302 .072 .082 095 133 
15 23.21 4.728 1.96 2.24 2.60 3.65 30 46.42 1.954 .152 .174 202 283 
20 30.94 6.304 3.33 3.82 4.43 6.21 50 77.36 | 3.256 -391 -448 520 1288 
25 38.68 7.880 5.03 5.78 6.70 9.39 75 116.0 4.884 .828 -949 1.10 3.54 
30 46.42 9.456 7.06 8.10 9.39 13.2; 100 154.7 6.512 1.41 1.62 1.88 2.63 
35 54915 11.032 9.39 10.8 12.5 17.5 125 193.4 8.140 | .2.13 2.44 2.84 3.97 
40 61.89 12.608 12.0 13.8 16.0 22.4 150 232.1 9.769 2.99 3.43 3.97 5.57 
36 3.0000 5 7.736 1.004 0.105 0.121 0.140 0.196 72 6.00 10 15.47 0.547 0.013 0.015 0,017 0.024 
10 15.47 2.189 .380 436 505 708 . 25 38.68 1.368 .O71 .081 .094 132 
I5 23.21 3.283 .804 .923 | 1.07 1.50 50 77.36 | 2.736 -256 -293 -340 -477 
20 30. 4.378 1.37 1.57 1.82 2.56 75 116.0 4.104 -542 621 -721 1.01 
30 46.42 6.567 2.90 3.33 3.86 5.41 100 | 154.7 5.472 -923 1.06 1.23 1.72 
40 61.89 8.756 4.95 5.67 6.58 9.22 125 193.4 6.840 1.40 1.60 1786 2.60 
50 77.36 10.944 7.48 8.58. | 9.95 13.9 150 232.1 8.208 1.96 2.24 2.60 3.65 
60 92.83 | 13.133 | 10.5 12.0 13.9 19.5 175 | 270.8 9.576 | 2.60 2.98 3.46 4.85 
The Scobey Formula 
oo, = icant Fred C. Scobey,* Senior Irrigation Engineer of the Division 
a — | Velocity oat nal pipe (iy) of Agricultural Engineering, U. S. Department of Agriculture, 
Cubic Million oar : t offers the following formulas which he says “include viscosity 
feet | gallons | second influence for a temperature of 15° C. (59° F.) and differentiate 
Inches Feet per ean (0) c=140 | c=130 | c=120 | c=100 : : 
ne (D) |second| hours between various types and classes of sheet and plate metal pipe 
by means of coefficients, which are themselves constant through- 
78 | 6.50 25 16.16 | 0,753 | 0.021 | 0.025 | 0.028 | 0.040 out the whole range of sizes and velocities for a given class of 
4 
50 32.32 1.507 .077 .089 -103 .144 pipe” : 
75 48.47 2.260 163 188 -217 -305 Ksv" 
100 64.63 3.014 .278 ae 1. 2 .519 sv 
150 96.95 | 4-520 -590 -677 -785 | 1.10 hf = ——_- 
i200 129.3 6.027 1,01 1.15 1.34 1.87 D™ 
250 161.6 7.534 1.52 1.74 2.02 2.83 
300 193.9 9.041 2.13 2.44 2.83 3.97 hf*™D°* 
84 7.00 25 16.16 | 0.650 0.015 0.017 0.020 | 0.028 v= 
50 32.32 1.299 -054 .062 072 .100 K:™ 
; 2. ee. i 2 .152 .212 ‘ ae 
a og a "104 a 258 ‘362 where hf = Loss of head in feet due to friction per 1000 feet 
150 96.95 | 3.808 411 472 -547 - 767 of pipe. 
1s LE ia lite ise bee D = Mean inside diameter of pipe in feet. 
300 | 193.9 | 7.795 | 1.48 1.70 1.98 2.77 v = Mean velocity of the water in feet per second. 
Ks =General coefficient. (K’s is this value for new 
90 7.50 25 | 16.16 0.566 0.0I1I 0.012 0.014 0.020 ° 
50 32.32 | 1.132 .038 .044 osI 072 _ , Pipe. : , : ; 
75 48.47 | 1.698 .081 | + .093 .108 -152 Scobey limited his study to pipe of nominal size, four inch 
an . er = = = | and larger, and assumed that the interior of all pipe would be 
200 | 120.3 | 4.527 501 574 666 "934 chemically protected with a coating which would form the true 
300 | 193.9 | 6.791 | 1. 1.22 1.41 1.98 interior surface, at least during the first years of the life of 
400 258.5 9.054 1.81 2.07 2.40 3.37 the conduit 
9 | 8.00 25 16.16 | 0.497 0.008 0.009 | 0.010 | 0.014 He divides sheet and plate metal pipe into three major classes: 
1 0. .02 0. .0 .0 pF “ ; ss : 
Si ae 9 4 "101 = = Class 1—“Full-riveted” pipe, having both longitudinal and 
150 96.95 | 2.984 .215 .246 | - .286 .400 irth seams held by one or more lines of rivets with projecting 
g “i 
200 129.3 3.979 306 419 486 682 2 
300 193.9 5.968 -775 .889 1.03 1.44 
400 | 253.5 7.958 1.32 1.St 1.76 2.46 *United States Department of Agriculture Technical Bulletin 
$00 | 323.2 | 9.947 | 2.00 .| 2.29 2.65 3-72 No. 150 aan Flow of Water in Riveted Steel and Analogous 
Pipes” (1930). 




































Table 17 


Loss of Head in Pipe by Friction for National Duroline Pipe* 


Calculated by the Hazen-W: 


illiams Formula 


















































































































































































































































*Pipe lined with a highly resistant cement-base composition 
lining.—Ed 


h: 22 Disch So isch se Discharge S@ 
e Diesaree 2. 3 a o8 1: ~ et ies rs a n o2 ae ae as a 2 of a 4 ae 28 
alos $0 | “Fe !] 2) oS |— 3 | “Seo =F BS | Feo | 5] oe 3S | “Pee 
g\a9 “~ | Sex| | ae =~ | Ess g| ae “~ | 8 $= |/ €| ae “=~ | Ayn 
e/82| of 8 | sgigenffeiS=| 3) § |sgigen| (FIS=] 2 | ee lsgleet=|S=| 9£ | ee | sel sel 
= -jas no ° = -|as n 4 s . n ro) Clad - n ° & 
g/S8i8e| S= | BBleS°] |G les] S= |ps)ZS°| [8 $s) 82 | $38 [ps lse-isias| se | <8 | pe) se 
Ni SOlSE az S2\/uS S/}Go\Ss) se [32 =S aeRO] Sm Lau }o2|eS aho| Sx La 3° “s 
a\og 3 nN on] °Sel] 2) 08/8 Sa Og, | PSt of Sau 2, | Sn | PSsilo| OE Sau &,, | °Se 
gl2s\s} Ps | Slavs] alagi"s| Ss |salaré| |B es) °s | Sh |Shlersiisics| “sy | Ok |Sal are 
also] a BIS] 2 y — i) 3 ‘ail = - 
z| ° e 3% ||z| 7 - ht a ee ie 33 ss 
%/0.484| 1 1,440] 1.74] 35.0 |/2 [1.780] 18] 25,920] 2.32| 12.7 615.440] 50,000] .0774| 0.47| 0.20 1,500,000/2.321 | 7.67| 22.0 
2 2,880) 3.48] 126.0 20 28,800] 2.57) 15.5 60,000) .0928| .57 -26 2,000,000}3.094 |10.23) 37.0 
3 4,320] 5.23] 265.0 80,000} .1238| .76 44 $,000,000/4.642 |15.34| 79. 
4 5,760| 6.97) 455.0 25| 36,000] 3.22] 23.2 
30 43,200] 3.86] 33.0 100,000} .1547) .95 -66|| 817.356} 200,000) .3094) 1.04) 0.56 
5 7,200] 8.72| 685.0 35) 50, 4.51} 44.0 
6 8,640)10.46] 970.0 40| 57,600] 5.15| 56.0 140,000] .2166) 1.34] 1.25 300,000} .4642) 1.57) 1.18 
8 11,520)13.95/1650.0 45} 64,800] 5.80] 77.0 200,000} .3094/ 1.91} 3.42 
10 14,400/17.44/ 2500.0 50} 72,000] 6.44) 84.0 400,000] .619 | 2.09) 2.00 
55} 79,200] 7.09) 100.0 300,000] .4642] 2.87| 5.2 
%,|0.686) 2 2,880) 1.73] 22.8 60] 86,400] 7.73| 117.0 400,000] .619 | 3.83] 8.7 500,000] .774 | 2.62] 3.05 
3 4,320] 2.60] 48.0 65} 93,600) 8.37] 135.0 600,000} .928 | 3.14) 4.30 
4 5,760} 3.47} 82.0 70| 100,800) 9.02] 157.0 500,000) .774 | 4.79] 13.2 
5 7,200} 4.34] 124.0 75] 108,000] 9.66] 177.0 600,000] .928 | 5.75) 18.5 700,000/1.083 | 3.66) 5.7 
6 8.640) 6.21] 173.0 = py te ge 4 els.440 800,000)1.238 | 4.19) 7.3 
’ . 150} 216, : Y ’ : 
8 11,520] 6.94] 295.0 800,000/1.238 | 7.67) 31.5 1,000,000}1.547 | 5.24) 11.2 
10} 14,400) 8.68) 443.0 ||916/2.182] 8] 11,250] 0.68] 1.05 1,000,000/1,547 | 9.58] 48.0 
15 21,600/13.02| 946.0 10 14,400] .85 1.58 1,500,000/2,321 |14.37/100.0 1,500,000/2.321 | 7.86) 23.8 
20 28,800/17.36/1590.0 12] 17,280] 1.02 2.25 2,000,000/3.094 |19.17]170.0 ,000,000/3.094 |10.48] 40.0 
| 3,000,000/4.642 |15.72| 84.0 
1 10.896) 3 4,320] 1.52] 13.2 16 23,040| 1.37 3.85 8|7.446] 200,000] .3094] 1.02] 0.53 
4 5,760) 2.03) 22.2 25] 36,000] 2.14] 8.6 10/9.443] 300,000) .4642/ 0.95) 0.35 
5 7,200) 2.54) 34.5 300.000) .4642] 1.53] 1.12 
6 8,640] 3.05) 47.5 50] 72,000) 4.29) 31.5 400,000} .619 | 1.27 -60 
360,000) .557 | 1.84) 1.57 
8 11,520] 4.07] 81.0 100] 144,000] 8.58] 113.0 500,000] .774 | 1.59 -90 
10} 14,400) 5.08) 120.0 150| 216,000/12.87| 240.0 400,000] .619 | 2.04] 1.92 600,000} .928 | 1.90/ 1.26 
12} 17,280) 6.10) 170.0 200] 288,000|17.16| 410.0 
14 20,160] 7.12} 225.0 250} 360,000/21.45| 620.0 500,000) .774 | 2.55] 2.88 750,000/1.160 | 2.38] 1.92 
600,000) .928 | 3.06] 4.05 1,000,000]1.547 | 3.18) 3.25 
16] 23,040] 8.14) 290.0 |/3 |2.725| 10] 14,400] 0.55) 0.54 : 
20 8,800}10.16| 432.0 15 21,600] .82 1.15 700,000|1.083 | 3.58| 5.4 1,500,000|2.321 | 4.77| 6.9 
25 36,000/12.70| 630.0 20 28,800| 1.10 1.95 800,000/1.238 | 4.09] 6.9 2,000,000/3.094 | 6.36] 11.8 
30 ,200/15.24) 925.0 25] 36,000] 1.37 2.95 
900,000/1.392 | 4.60) 8.6 3,000,000/4.642 | 9.54] 25.0 
1%}1.175| 4 5,760] 1.18 5.8 50 72,000] 2.75| 10.6 1,000,000/1.547 | 5.11] 10.5 4,000,000/6.188 |12.72) 42.5 
5} 7,200) 1.47] 9.0 1,200,000|1.857 | 6.13] 14.6 
6 8,640] 1.77) 12.6 80] 115,200] 4.40] 25.3 
q 10,080) 2.07; 16.7 
8} 11,520] 2.36) 21.5 nee egy A = heads. From the capacity standpoint, pipe with countersunk 
19 14,908 2.95 32.8 | 200} 288,000/11.00) 136.0 rivet heads on the interior belong in Class 3. 
14{ 20/160] 4.141 59.0 ne apes tile: pd _ Class 2—“Girth-riveted” pipe, having no retarding rivet heads 
16| 23,040] 4.73] 77.0 500] 720,000/27.50| 750.0 in the longitudinal seams, but having the same girth seams as 
gr Hiern: cee Bens 3%4)3.205| 10) 14,400] 0.39] 0.24| —_‘tull-riveted pipe. 
1%4|1.175] 20] 28,800] 5.91] 116.0 ; 15} 21,600] .59| .52 Class 3—“Continuous-interior” pipe, having the interior sur- 
= pry ie eg 20 ye ps “a face unmarred by plate offsets or by projecting rivet heads in 
40] 57.600111.80| 420.0 , “ 3 either longitudinal or girth seams. Not necessarily described as 
60} 86,400/17.70] 880.0 50) 72,000] 1.98) 4.8 “smooth,” 
1411.405| 4 5.7601 0.821 2.60 so) 115,200] 3.18) 11.5 For these classes Scobey suggests the following coefficients 
6| 7,200) 1.03] 3.95 | ' . " for new pipe: 
, 1.24) 5.28 100] 144,000) 3.97! 17. Class la, K’s=0.38 for new sheet metal pipe up to three- 
7 9 j ; : , ar aller age 
10,080; 1.44 7.3 160| 230,400] 6.36! 41.5 sixteenths of an inch thick. 
8 11,520] 1.65 9.4 200} 288,000] 7.95) 63.0 > ae : ™ 
9} 12/960] 1.86] 11.6 300} 432,000/11.93| 135.0 _Class 1b, K’s=0.44 for new plate metal pipe on three 
10} 14,400] 2.06] 14.2 400| 576,000/15.90] 225.0 sixteenths to seven-sixteenths of an inch thick, with either taper 
12] 17,280] 2.48] 19.8 500 1a0,000)19.58 340.0 or cylinder joints. 
14| 20,160] 2.89] 26.4 lla }3.620) 20) 28,800] 0.62 0.49] . Class 1c, K’s=0.48 for new plate metal pipe from one-half 
16] 23,040] 3.31] 34.5 25] 36,000) .77 -74| inch up, with either taper or cylinder joints, and for plate from 
a. Rat ris _. - = cn i. atone to seven-sixteenths of an inch thick when butt- 
, ‘ ° ; : ‘ jointed. 
22 31,680] 4.55] 61.0 80] 115,200] 2.49 6.4 ~— " ° 
24| 34560] 4.96| 72:0 100| 144/000] 3.11| 9.7 ve wt 1d, rag *=0.52 for new butt-strap pipe of plate from 
26 37,440] 5.38] 83.0 160} 230,400) 4.98) 23.4 one-half inch up. 
28] 40,320] 5.79] 95.0 1200} 288,001 6.23] 35.0 Class 2d, K’s = 0.34 for new girth-riveted pipe. This includes 
30] 43,200) 6.20) 108.0 300] 432,000] 9.35! 72.2 all sheet and plate metal pipe with continuous seamed lognitudi- 
35] 50,400 7.24] 135.0 400| 576,000/12.46] 124.0 nal joints but with girth joints, particularly field joints, made 
Sol] re oeolinaal sees 500) 720,000/15.58) 187.0 | with the usual rivet heads inside the pipe. 
75| 108,000]15.51] 562.0 ||5 14.548] 30] 43,200] 0.59! 0.34 Class 3, K's = 0.32 for new continuous-interior pipe. This 
100] 144,000]20.69] 960.0 - a ph os class comprises all type of sheet and plate metal pipe that offer 
2 |1.780| 6] 8,640] 0.77] 1.66 80] 115,200| 1.58} 210| @ practically uniform interior surface of relative smoothness. 
8] 11,520] 1.03} 2.82 ‘ “Continuous-interior” is offered as descriptive of an interior 
i: + a ry Lo pty t+ 13 oe surface unbroken by rivet heads or appreciable shell-thickness 
, ’ . ’ E offsets. Use of the apparently obvious synonym “smooth” has 
14] 20,160/ 1.80] 8.0 200) 288,000} 3.95] 11.5 purposely been avoided, as this description might hold only 
16] 23,040] 2.06] 10.2 300) 432,000) 6.92) 24.2 while the pipe is new. 
400} 576,000] 7.90] 41.2 Page on ———_ oe ong his paper to the discussion 
500] 720,000] 9.87] 61.8 of sheet an te metal pipe, Classes 2 and 3 also appl 
| —_ 750{1,080,000|14.81 131.0 ° NPCs . a 


seamless pipe as well as to lap-weld, hammer-weld, and electric- 
weld pipe. 
It should be noted that the coefficients (K’s) given above 
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are for new pipe. Concerning the deterioration of carrying 
capacity with age, Scobey states: 

“It has long been appreciated that all metal pipe deterio- 
rates in carrying capacity; the rate of decrease being de- 
pendent on the efficiency of the pipe coating, the composi- 
tion and treatment of the pipe material, and the-activity of 
the water conveyed in the pipe. Filtered and treated water 
causes less deterioration than raw water. Long lines deterio- 
rate more rapidly at the upper ends than at the lower ends. 
“So far as available data indicate, the increase in the value 
of Ks with age, is expressed by the formula: 

Ks = K’se"™t 
where e= Base of Naperian logarithms (2.7183). 
t = Age of pipe in years. 
When ¢ is zero, then Ks becomes K’s.” 

[Note: Tables showing various values of Ks and correspond- 
ing losses of head at various velocities and also values of v** 
have had to be omitted. For a copy of these address National 
bi + = Pittsburgh, Pa., asking for Technical Bulletin No. 21. 

Fig. 36, which was taken from United States Department of 
Agriculture Technical Bulletin No. 150, will be found useful 
in making estimates and preliminary studies. It gives the rela- 
tion between discharge, pipe diameter, velocity, and loss of head 
for various values of the coefficient Ks. Values of Ks for ages 
of 0 to 50 years corresponding to various values of K’s are 
also given. 

The lower age diagram on the chart is based on the formula 
Ks= K’se*’’t and is to be used for aggressive waters. The 
upper age diagram is based on the formula Ks= K’se*™? and 
is intended for use where the waters are known to be non- 
aggressive. 

The following example will illustrate the method of using this 
chart: 
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lig. 36— Chart Showing Relation Between Discharge Pipe 
Ntameter, Velocity, and Loss of Head for Various Values of 
the Coefficient Ks and Ks: in Scobey Formula 










Table 21 


Special Losses of Head in Terms of v’/2g (From Hydraulics, 
by Ernest W. Schoder and Francis M. Dawson—Second 
Edition, 1934, with Modifications) 











’ : Loss of nentias 
Nature of special resistance decimal or multiple 
of v2/2g* 
Entrance 
Square-edged entry. Upstream end of pipe perpendic- 
ular to, and flush with inside face of reservoir wall 0.50 
Projecting pipe at entry or re-entrant pipe end....... 1.00 
IN: 0 dircscencendecnselestentereineses 0.02 to 0.05 
Curves and Fittings 
Easy curves or bends of very large radius, and smooth 
meg of same inside diameter throughout as the 
ipe line. 
| ae loss over same length of straight pipe...... 0.05 to 0.15 
90-degree curves, fairly smooth, same inside diameter 
as pipe; : i . 
Radius of center line=diameter of pipe........ — 0.50 
Radius of center line=2 to 8 times diameter of pipe 0.25 
90-degree common screw end pipe elbows, short turn, 
SEED ae 0.75 
Tees, common screw end, full-size branch, flow devi- 
ELLE ERE EEE 1.50 
Square elbow (intersection of two cylinders, corner not 
rounded at outside or inside of curve.).:.......... 1.25 
Obtuse-angled elbows, (deflection of pipe less than 90 
degrees); multiply values for square elbow or 90- 
nici ieee (ae degrees \ 2 
or y 90 degrees 
Water Meters (Subject to much variation) 
Disk or “‘wobble-disk” type................20eeeeeeee 3.4 to 10 
Rotary type (star or cog-wheel-shaped disk as piston) 10 
Reciprocating piston type (like a piston pump)......., 15 
Turbine-wheel type (double flow, balanced).......... 5 to7.5 
Diaphragm and Orifice Meters 
Diaphragm of thin material across pipe, with concen- 
tric hole, or an inside projecting washer or gasket, 
or a “‘burr”’, due to cutting pipe with a wheel 
cutter: fi : 
Diameter of hole=o.91 Xdiameter of pipe......... 0.34 
Diameter of hole=o0.80Xdiameter of pipe......... 1.88 
(Note that »?/2g in this particular case refers to 
pipe, not to the area of opening, nor to the con- 
tracted stream through opening.) 
Nozzles 
Nozzles: when the coefficient of velocity and discharge | {0.02 to 0.05 (Where 
ranges from 0.99 to 0.975, the loss of head ranges v is the velocity of 
DR sbi vaneasaxcadesbeanuale dices eaetee techs mea the issuing jet) 














*Note: Except where otherwise noted, v is the mean velocity in the pipe. 


Assume that it is desired to know what conditions will pre- 
vail in a pipe line constructed of full-riveted pipe (Class 1b) 
after carrying aggressive waters for a period of 25 years. 

From page 45 the coefficient Ks for new pipe of Class 1b is 
found to be 0.44. On the lower age diagram follow the diagonal 
line representing Ks= 0.44 (at 0 age) until it intersects the 
horizontal line representing an age of 25 years. From this point 
of intersection proceed vertically on the dashed line (which 
represents Ks = 0.64) until it intersects the slope line of 1 foot 
per 1000 feet of pipe. From this point follow the guide lines to 
the vertical base line. Using this point (marked on the chart 
by a circle) as a pivot, a straight edge will give simultaneous 
values of discharge (Q) diameter (D or d) and velocity (v). 
This is illustrated by dashed lines for 20 feet and 4 feet inside 
diameter pipe. The dashed line through the pivot point and the 
point representing pipe of 20 feet inside diameter shows that a 
discharge of 2250 cubic feet per second and a velocity of 7.2° 
feet per second can be expected. The other dashed line through 
the pivot point and through the point representing pipe 4 feet 
inside diameter indicates a discharge of 36 cubic feet per second 
and a velocity of 2.8 feet per second. 


Special Losses of Head 


Curves, elbows, tees, meters, enlargements, contractions, etc., 
in a pipe line cause losses of head, which, if of consequence, 
must be allowed for in addition to the loss of head ordinarily 
encountered in straight pipe of uniform cross section. 

Special losses may be expressed as equivalent lengths of 
straight pipe which would cause the same loss of head, or as 
decimals or multiples of v*/2g, where v is the mean velocity in 
the pipe. For any particular special fittings, experiments show- 
that the loss of head is not in all cases a constant fraction of: 














Table 21—Concluded 
Special Losses of Head in Terms of v’/2g 








‘ ‘ Loss of head as 
Nature of special resistance decimal or multiple 
of 92/2g° 
Venturi Meter Tubes 
Venturi meter tubes: the loss of head occurs mostly in 
and downstreamwards from the divergence, the 
loss between upstream end and throat being only 
0.03 to 0.06Xv?/2g, where v is the throat velocity. 
The total loss through the meter is: a le 
For total angle of divergence= +5 degrees....... 7°10 Where » is 
~.* the throat 
For total angle of divergence= +15 degrees...... 3% "3 velocity 


(The lower values go with large throats, and the 
larger values with small throats whose diameter is 
from \% to % the diameter of the pipe.) 


Sudden Enlargement 


Sudden enlargement, from a small pipe ending nas 
ly where a larger pipe begins, is found to involve 
loss of head fairly close in accordance with Borda’s 
Formula which is: 


Loss of head = (%—%2)? 
7 
(Note that this is not the difference of the velocity 
heads, but is the head corresponding to the differ- 
ence of the velocities.) 
The above-stated formula may be written: 


A,\2 v 
Loss of head={ 1—— } <=, or for a circular 
A, 2g 
or square pipe: 
d, 2i2 2 
Loss of head= | 1—[ > x 21 where A;, 
qd, 28 


v, and d, refer to the smaller upstream pipe, 
while the subscript 2 refers to the larger down- 
stream pipe. 


Sudden Square-Edged Reductions 


Sudden square-edged reductions in pipes. When the 
sudden reduction of pipe is very large, say 
d./d,=0.1, the loss of ‘head is practically as given 
for Square-edged entry, i.e., loss of head =0.4003/2g. 
For smaller reductions the value of K is smaller, 
but the experimental data of Weisbach (1855) and 
Brightmore (1907) do not agree. For ratios d2/d,= 
0.5, 0.75, and 0.9 the value K is about 0.33, 0.20 and 
0.08, respectively. In this case the subscript 2 refers 
to the smaller downstream pipe, and K is the factor 
which, multiplied by v3/2g, gives the loss of head. 














*Note: Except where otherwise noted, the » is mean velocity in the pipe. 


v’/2g, but that the fraction varies somewhat with the velocity. 
For most practical purposes, however, the values given in 
21 may be relied on as safe average values. 


Water Hammer 


When a valve in a water line is closed while the water is 
flowing, the velocity of the water upstream from the valve is 
reduced and a Cynamic pressure is exerted in addition to the 
normal static pressure. This dynatnic pressure, commonly called 
“water hammer,” is the result of the transformation of the 
kinetic energy of the moving mass of water into pressure energy 
which expends itself (unless relief devices are provided) by 
compressing the water and stretching the pipe walls. When a 
valve is closed suddenly, the magnitude of the dynamic pressure 
produced is frequently much greater than the static pressure 
on the line, and may cause fracture of the pipe or fittings. 

Starting at the suddenly-closed valve, a wave of increased 
pressure is transmitted back through the pipe with constant 
velocity and intensity. When the pressure wave has traveled 
upstream to the end of the pipe, where there is a reservoir or 
large main, the elasticity of the compounded water and of the 
expanded pipe reverse the flow and a wave of normal pressure 
travels downstream, the flow being progressively reversed as the 
water expands. 

If the water were incompressible and the pipe inelastic, the 
instantaneous closure of the valve would create an infinite pres- 
sure. Since it is impossible to close a valve instantaneously, it 
is apparent that a series of pressure waves is created, causing 
an increased pressure at the valve. If the valve is completely 
closed before the first pressure wave has time to return to the 
valves as a wave of low pressure, the pressure increases con- 
tinually up to the time of complete closure and the resulting 
pressure is just the same as if the valve had been instanta- 
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neously closed. The velocity of the pressure wave depends upon 
the ratio of wall-thickness to inside pipe diameter and on the 
modulus of elasticity of the water and of the pipe material 
according to the formula: * 


S= 
/ =| 1 d 
be aa) 
9g Ew Ept 


The head due to water hammer in excess of normal static 
head is proportional to the destroyed velocity and to the velocity 
of the pressure wave along the pipe. Since the intensity of the 
excess head depends upon the destroyed velocity, the same 
excess pressure is produced by suddenly reducing the velocity 
from 6 to 3 feet per second, as by entirely stopping a velocity 
of 3 feet per second. The excess head due to water hammer is 
given by the formula: 


12v 
h= 


w 1 d 
g a sa 
g Ew Ept 


where S= Velocity of pressure wave along pipe in feet per 
second, 
w= Weight of water in pounds per cubic foot. 
h = Head due to water hammer (in excess of static head). 
g = Acceleration of gravity. 
t= Wall-thickness of pipe in inches. 
d = Inside diameter of pipe in inches. 
Ep = Modulus of elasticity of pipe material in pounds per 
square inch. 
Ee= ve of elasticity of water in pounds per square 
inch. 
v= Destroyed velocity in feet per second. 
By inserting values for g, w, Ew and Ep the two formulas 
may be simplified. Thus, if 
g = 32.174 feet per second per second. 
w = 62.4096 pounds per cubic foot (at 50° F.) 
Ew = 300,000 pounds per square inch. 
Ep = 29,000,000 pounds per square inch (for steel pipe) 
the formulas reduce to: 
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If the flow is not checked rapidly, so that the wave from the 
first movement of the valve has time to travel upstream to the 
end and back again several times while the valve closing is in 
progress, the excess pressure is greatly reduced. Therefore, it is 
advisable to use slow closing valves or to provide air chambers 
or surge tanks in the line to absorb the shock due-to water 
hammer. 


Measurement of Flowing Water 


Pitot Tubes 


Pitot tubes are used to measure the velocity of flowing water. 
Such a tube consists essentially of a vertical tube, the lower end 
of which is bent at 90° so that its open end is directed against 
the current. The velocity of the flowing water causes the water 
to rise in the vertical leg of the pitot tube a distance above the 
free surface of the stream equal to the velocity head. 

When a pitot tube is inserted into a pipe carrying water 
under pressure, the water will rise in the vertical leg of the 
tube a distance equal to the sum of the pressure head and the 
velocity head at the point where the tube is inserted. If a 
piezometer tube is tapped into the wall of the pipe at substan- 
tially the same point, the water will rise in this tube a distance 
equal to the pressure head at that point. The difference in the 
levels of the water in the two tubes will therefore be equal to 
the velocity head in the pipe at the point where the tubes are 
inserted. Fig. 37 shows such an arrangement. The height of 
the water in the pitot tube is equal to the sum of the pressure 
head, Ap, and the velocity head, hv. The height of the water 
in the piezometer tube is equal to the pressure head, hp. The 
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Fig. 37—Fitot Tube 


difference in the height of the water in the two tubes is there- 
fore equal to the velocity head, hv. 

Mercury columns or manometers may be used, instead of the 
water column, to determine the pressures. 

In order to determine the discharge by use of a pitot tube, 
the cross section of the stream or pipe must be divided into 
one or more known areas, the velocity for each found, and 
hence the mean velocity of the entire cross section. The dis- 
charge is then found by multiplying the cross-sectional area 
by the mean velocity. In a straight length of pipe which extends 
upstream about 50 diameters from place of measurement with- 
out tees, valves, etc., the distribution of velocities is normal. 
Where normal distribution of velocities prevails, the ratio of 
mean velocity to center velocity (called the pipe coefficient) 
averages about 0.83. 


Venturi Meters 


The Venturi meter was invented by Clemens Herschel and 
was named by him for the inventor of the principle involved. 
It may be used to measure the discharge of water or other 
fluids contained in pipes which run full and under positive 
pressure. 

The Venturi tube consists of a converging cone of steep 
taper, a diverging cone of more gradual taper, and a short 
cylindrical section called the throat, which connects the two 
cones at their smallest diameters. The essential parts of a 
Venturi meter are shown in Fig. 38. In this figure /, represents 
the pressure head in the pipe upstream for the Venturi meter, 
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Fig. 38—Venturi Meter 


hs the pressure head at the throat, and hs the pressure head in 
the pipe downstream from the Venturi meter. The difference 
between f, and hs is hf and is the loss of head due to friction 
in the Venturi tube. The loss of head in a Venturi tube is 
usually quite small (see Table 21). Where the recovery of 
pressure is not important the converging cone may be very 
short or may even be omitted, forming a Venturi nozzle. 

Since the quantity of water flowing past any cross section of 
the tube is the same at any instant, the velocity at the small 
cross section of the throat will be greater than in the large 
cross section of the pipe upstream from the Venturi tube. 

This greater velocity in the throat is obtained at the expense 
of the pressure head, so that hz is less than Mi. The dotted line 
in the figure represents the approximate hydraulic grade line 
and indicates the loss and recovery of pressure from hi to Jy. 

The relation between the flow through a Venturi tube and 
the difference in pressure between the inlet and throat is given 
by the formula: 


2gh 2gh 
0= 6 Aiy/— i 


where Q = Discharge in cubic feet per second. 

D, = Inside diameter of pipe in feet. 

D: = Inside diameter of throat of Venturi tube in feet. 

A; = Cross-sectional area of inside of pipe in square feet. 

Az = Cross-sectional area of inside of throat of tube in 
square feet. 

g = Acceleration of gravity = 32.174 feet per second per 
second. 

ha = Differential head in feet of water = hi — hz. 

Cv = Discharge coefficient of Venturi tube which varies 
from about 0.95 to 0.995. 

The pressure differences (4i—h2) may be measured by a 
simple glass U-tube containing mercury. Commercial Venturi 
tubes are usually provided with two annular chambers connected 
by vents with the inlet and throat, respectively, to obtain correct 
average pressures at these points. Various types of indicating, 
recording and integrating meters may be obtained for use with 
commercial Venturi tubes. 


Pipe Orifices 


Orifices in diaphragms inserted between pairs of flanges in 
straight portions of pipe lines have been found to be reliable 
measuring devices. The diaphragms are usually of thin non- 
corrodible metal and the orifices are accurately machined to 
size and beveled on the downstream side to keep the working 
edge thin. 

Fig. 39 shows the essential parts of such a device. Two 
piezometer tubes are attached to the line, one at a distance of 
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Fig. 39—Pipe Orifice 











one pipe diameter upstream and the other one-half pipe diameter 
downstream from the plate. Either a differential gage, as shown 
in the figure, or open water columns may be used, depending 
upon the pressure. The rate of flow is a function of the differen- 
tial pressure as indicated by the formula: 


2gha 2gha 


0 Catng/=— (aye =Out 4/ i= (Bay 


A; D; 
where Q = Discharge in cubic feet per second. 

D; = Inside diameter of pipe in feet. 
D:= Diameter of orifice in feet. 
A; = Cross-sectional area of inside of pipe in square feet. 
A: = Cross-sectional area of orifice in square feet. 

g = Acceleration of gravity = 32.174 feet per second per 

second. 

ha = Differential head in feet of water = hi — hs. 
Co = Discharge coefficient = about 0.606 for D:/D, from 
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diameter of the pipe. The loss of head in the pipe orifice is 
quite large and it is less reliable than the Venturi meter. 


Water Power 


The total available power of flowing water is given by the 
formula: 


— QwH — 9113472 0H 
HP. = <7" =0. O 


where H.P.= Horse Power. 
Q = Discharge in cubic feet per second. 
H = Total available head in feet. 
w = Weight of one cubic foot of water (at 50° F. = 
62.4096 pounds). 

The total head may be made up of velocity head, pressure 
head, and potential head, or head due to actual height above 
the datum plane. Fig. 40 illustrates the three components of 
the total head. 















































0.10 to 0.75. The value of the velocity head is given by the expression: 
v 
: he = — 
2 
5 where hv = Velocity head in feet. 
h v = Mean velocity in feet per second. 
2 g = Acceleration of gravity = 32.174 feet per second per 
| second. 
——|- Table 22 
F Horsepower for Various Heads of Water 
Horse power for 1 cu. ft. of water per second under heads of 
1 to 2,000 ft. Based on an efficiency of 80 per cent and weight 
of water at 50°F. = 62.4096 lb. per cubic foot. 
i (Horse power per cubic foot of water per second = 
62.4096 x 0.80 x H 
H = 0.0907776 H). 
550 
s Head Head Head Head 
: Horse Horse : Horse : Horse 
in net power = int power "a ist power int power 
2 I 0.0907776 170; 15.4322 420 38.1266 925 83.9603 
Direction of flow 2 181555 180 16.3400 430 39.0344 950 86.2387 
3 272333 190 17.2477 440 39.9421 975 88. 5082 
4 363110 200 18.1555 450 40.8499 1000 90.7776 
Ss 453888 210 19.0633 460 41.7577 1050 95.3165 
6 . 544666 220 19.9711 470 42.6655 1100 99.8554 
7 -635443 230 20.8788 480 43.5732 II50 | 104.304 
8 .726221 240 21.7866 490 44.4810 1200 108.933 
9 816908 250 22.6044 500 45.3888 1250 113.472 
he 10 907776 260 23.6022 525 47.0582 1300 118.011 
20 1.81555 270 24.5100 550 49.9277 1350 122.550 
30 | 2.72333 280 25.4177 575 52.1971 1400 | 127.089 
40 3.63110 290 26.3255 600 54.4666 1450 131.628 
50 4.53888 300 27.2333 625 56.7360 1500 136.166 
60 5.44666 310 . 28.1411 650 59.0054 1550 - | 140.705 
70 6.35443 320 29.0488 675 61.2749 1600 145.244 
Datum plane 80 | 7.26221 330 29.9566 700 63.5443 1650 | 149.783 
90 pen 340 30.8644 725 on 1700 a 
: 100 | 9.0777 350 31.7722 750 .0832 || 1750 | 158.861 
Fig. 40—Total Head 110 | 9.98554 360 | 32.6799 775 | 70.3526 || 1800 | 163.400 | 
. 7 f ‘ 120 |10.8933 370 33.5877 800 72.6221 1850 167.939 | 
The orifice should be placed in a straight section of hori- 130 a" 380 34.4955 82s 74.8915 a Bay 
zontal or vertical pipe and should be located as far as possible — coe SS «la we (baal ae cee | 
from bends, fittings, and valves. The diameter of the orifice 160 |14.5244 410 37.2188 goo «| SEGRE i.e Packie. 
should not be greater than 75 to 80 per cent of the inside 
Table 25—Pressure Equivalents 
Pounds Pounds Kilograms Inches of Feet of Feet of 
Units per square per square per square mercury at water at water at Atmospheres 
inch foot centimeter aa F 39.2” F. 62° F. 
I pound per square inch =| I. 144. 0.0703067 2.0360 2.30671 2.30034 0.068044 
I pound per square foot =| 0.0060444 zr. 0.0004882 0.014139 0.016019 0.016037 0.0004725 
Iounce persquareinch | =| 0.0625 9. 0.0043942 0.12725 0.144169 0.144334 0.0042528 
1 kilogram per squarecentimeter =| 14.2234 2048.17 z. 28.9582 32.8092 32.8467 0.967820 
1 kilogram per square meter =|  0.0014223 0.204817 0.0001 0.0028958 0.0032809 0.0032847 9.678 X 105 
1 inch of mercury at 32° F. =| 0.49117 70.7285 0.034533 I. 1.13299 1.13428 0.033421 
1 inch of water at 39.2° F. =| 0.036127 5.20222 0.0025399 0.073552 0.083333 0.083428 0.0024582 
1 inch of water at 62° F. =| 0.036085 5.19628 0.0025376 0.073468 0.083238 0.083333 0.0024554 
1 foot of water at 39.2° F. =| 0.43352 62.4266 0.030479 0.88262 x. 1.00114 0.029498 
1 foot of water at 62° F. =| 0.43302 62.3554 0.030444 0.88162 0.99886 ¥; 0.029465 
I atmosphere =| 14.6963 2116.27 1.03325 29 :9210 33.9001 33.9388 e 














































Table 26—Rate 


of Flow Equivalents 
























































¥ U.S U.S. British ' 
Units Cubic feet | Cubic feet gallons gallons _ — 7 nen teet Acre-feet 
per second | per minute per per ° A " - per 
minute 24 hours Pe — 24 hours 
1 cubic foot per second =| I. 60. 448.831 646 317. 373.729 1698 .98 0.082645 1.98347 
1 cubic foot per minute =| 0.016667 z. 7.48052 10 771.9 6.22882 28 . 3163 0.0013774 | 0.033058 
1 U. S. gallon per minute =| 0.0022280 | 0.13368 3. 1440. 0.83267 3.78533 | 0.0001841 | 0.0044192 
1 U.S. gallon per 24 hours =/ 1.547X10~*| 9.283X10- 0.0006044 I. 0.0005782 0.0026287| 1.279X10-7| 3.069X10-6 
1 British Imperial gallon 
per minute =] 0.0026757 0.16054 1.20095 1729.37 z. 4.54601 | 0.0002211 | 0.0053072 
1 liter per minute =| 0.0005886 0.035315 0.26418 380.416 0.21997 Z. 4.864 X10>)| 0.001167 
1 acre-foot per hour =|12.1 726. 5430.86 7 820 434. 4522.13 20 557.6 z. 24. 
1 acre-foot per 24 hours =| 0.50417 30.25 226.286 325 851. 188.422 856.567 0.041667 ¥. 
Table 26—Volume and Capacity Equivalents 
United British . ‘ 
; 4 . Cubic Cubic 
Units States lmperial Liters 2 Acre-feet 
gallons gallons feet inches 
1 United States gallon =| I, 0.832672 3.78533 0.133681 231, 3.069 X 10-6 
1 British Imperial gallon =| 1.20005 I. 4.54601 0.160544 277.420 3-686 X 10-5 
1 liter =| 0.264177 0.219973 I. 0.035315 61.0250 8.107 X10-7 
1 cubic foot =| 7.48052 6.22882 28.3163 a 1728. 2.296 X 10-5 
1 cubic inch =| 4.329X10% 3-605 X 10-3 0.016387 5.787 X 10-4 ‘ 1.329 X 10-8 
1 acre-foot = 325 851. 271 328. I 233 456. 43 560. 75 271 680. | 1. 
1 inch deep on I acre - = 27 154.3 22 610.6 102 788. 3 630. 6 272 640. | 0.083333 
1 inch deep on I square mile =| 17 378 743. 14 470 801. 65 784 344. 2 323 200. | 4 014 489 600. | 53.3333 
1 meter deep on 1 hectare =| 2641 705. 2 199 675. 9 999 734. 353 145. 610 233 780. | 8.10708 
I centimeter deep on I square meter = 2.64171 2.199607 9.99973 0.353145 610.234 8.107 X 10-6 
I pound of water at 39.2° F. = 0.11983 0.099778 0.45359 0.016019 27.6805 3-677 X10-7 
1 pound of water at 50° F. = 0.11986 0.099806 0.45372 0.016023 27.6880 3-678 X 10-7 
1 pound of water at 62° F. = 0.11997 0.099892 0.45411 0.016037 27.7121 3.682 X 10-7 
I or S. gallon per minute for 24 hours =| 1440. 1199.05 5450.88 192.5 332 640. 0.0044192 
I cubic foot per minute for 24 hours =| 10 771.9 8 969.50 40 775.4 1440. 2 488 320. 0.033058 





























The pressure head is given by the expression: 
P 


hp =— 
w 
where hp = Pressure head in feet. 
P = Pressure in pounds per square foot. 
The potential head or head due to height above the datum 
plane is he feet. 
The total head, H, is therefore: 


H = ho + hp+he 


Us P 
H=—+—-+he 
29 w 


or 


In any stream flowing steadily without friction, the total head, 
and the total amount of energy per unit of water, is the same 
at every point in the path of flow. This principle, which is 
in reality the law of conservation of energy applied to flowing 
water, is known as Bernoulli’s Theorem. 


Table 22 gives the horse power for one cubic foot of water 
per second, under heads of 1 to 2000 feet, based on an efficiency 
of 80 per cent. The method of using this table is illustrated 
by the following example: 

Determine the horse power which can be developed by a flow 
of 60 cubic feet per second under a head of 200 feet. 

From the table the horse power for a discharge of one cubic 
foot per second under 200 feet head is found to be 18.1555. 
The horse power for a discharge of 60 cubic feet per second 
under 200 feet head is then: 

60 xX 18.1555 = 1089.33 horse power. 


When the exact head is not given in the table the horse power 
may be found by multiplying the horse power for one foot 
head and one cubic foot per second (0.0907776) by the head in 
feet and then by the discharge in cubic feet per second. For 
example, the horse power which can be developed by a dis- 
charge of 45 cubic feet per second under a head of 105 feet 
will be: 

0.0907776 « 105 x 45 = 428.92 horse power. 
























PRACTICAL HYDRAULICS* 


By P. S. WILSONT 
Glen Ridge, N. J. 


|. The Sharp Crest Weir 


The so called Sharp Crest Weir is a very useful device for the 
measurement of water flowing in open channels or streams. A 
knowledge of the few simple rules governing the design and use 
of weirs will make it possible to measure the flow of water shed 
streams contributing to reservoirs, to estimate the overflow or 
leakage of dams and to make other measurements of use to the 
water works operator. 

By a Weir is meant a bulkhead or dam over which the water 
flows, or more particularly, a notch in the top of such a struc- 
ture through which the water flows. As shown in the illus- 
tration (Fig. 1), it usually consists of a rectangular notch and 
it is then known as a Rectangular Weir. 

The Crest of a weir is the bottom of the notch, the level to 
which the water must rise before any can flow over. It is the 
edge or sill over which the water flows. A weir is a Sharp 
Crest Weir when the bottom edge of the notch, or the crest, is 
constructed so as to be as sharp as possible, flush with the up- 
stream face of the dam, and with the opening beveled or en- 
larged on the downstream side so that the stream of water as 
it passes through the opening will only touch the crest along 
one sharp edge, as shown in Fig. 2. In the laboratory the crest 
is kept as sharp as a knife edge. In practice the edge of a metal 
plate or angle iron, as shown in the illustration, is usually sat- 
isfactory unless extreme accuracy is desired. The upstream 
face of the weir should be vertical, and of course the crest 
should be exactly horizontal. 

The Head on a weir is the difference in elevation between 
the crest of the weir and the surface of the water in the pool 
upstream from the weir. With any given weir there is a fixed 
relation between the head and the amount of water being dis- 
charged, thus by measuring the head the discharge may be de- 
termined from the formula or table which applies to that par- 
ticular form of weir in use. 

The relation between the head and the discharge of a weir 
is different with different forms of crest and different shapes 
of notches. Different formulas must be used with such dif- 
ferent weirs. The reason for making a weir sharp crested is 
that by so doing a weir can be built which can be used for the 
measurement of water without the necessity for making spe- 
cial tests to determine what the formula is. The formula for 
rectangular sharp crest weirs is known, and it has been found 
easier to reproduce standard conditions by the use of the sharp 
crest design than with most other forms. Most weirs built for 
the measurement of water are therefore constructed as sharp 
crest weirs. 


Weir Formulas 


One of the most commonly used formulas for use with rec- 
tangular sharp crest weirs is known as the Francis formula, 
named for its originator, Mr. J. B. Francis, who performed 
extensive experiments on weirs at Lowell, Mass., in 1851. This 
formula is as follows: a 

Q = 3.33 x LX h X Vh 

In this formula :— 

Q = Discharge of the weir in cubic feet per second. 

L= Length of the weir crest in feet. 

h = Head on the weir in feet. 

Vh= The square root of the head in feet. The square 
root of the head is the number which, multiplied by 
itself, equals the head. 


(h xX Vh is often expressed as h*/*, but it is more readily 
computed if considered in the form given above.) 

Example: A sharp crest rectangular weir .is 5.00 feet long 
and has a head of 0.42 feet (5 inches) on it. 

(The square root of 0.42 is 0.65, because 0.65 x 0.65 = 0.42.) 

Q = 333 X 5.00 X 0.42 x 0.65 = 4.55 cu. ft. per second. 
The Francis formula given above is most accurate for heads be- 
tween about 0.30 feet and 2.00 feet. A small error in deter- 
mining the head makes such a large error in the discharge at 
very low heads, that for most practical purposes this formula is 
sufficiently accurate at all heads up to about 2.00 feet, and it 
is fairly accurate for higher heads also. The great advantage 
of the Francis formula is the fact that it is much simpler to 
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compute than most of the others. The principal other for- 
mulas are known as the Bazin formula, the Fteley and Stearns 
formula and the Rehbock formula. A complete treatise may 
be referred to for the details of these other formulas. 

For convenience the results of the computations from a weir 
formula may be arranged in a table, as shown in Table I. The 
discharge read from the table may be multiplied by the length 
(in feet) of any sharp crest weir to obtain the discharge. 





Fig. 1—Rectangular Sharp Crest Weir 


TABLE I—DISCHARGE OF A SHARP CREST WEIR PER FOOT 
OF LENGTH BY THE FRANCIS FORMULA 
Discharge per Foot of 
Length of Weir Expressed in 


Head Expressed in Cubic Feet Gallons 
eet Inches per Second per Minute 
-01 % .0033 1.5 
.02 % .0094 4.2 
.03 % .0173 7.8 
.04 % .0266 11.9 
-05 5% -0372 16.7 
-06 4 .049 22.0 
.07 Ig .062 27.7 
.08 1 -075 33.8 
.09 1% .090 40.4 
10 1% 105 47.2 
12 1% 138 62. 
14 15% 175 78 
16 1% 213 96 
18 2% 254 114 
.20 236 298 134 
.22 258 344 155 
24 2% 392 176. 
-26 3% 441 198 
-28 33% 49 222 
.30 356 55 246 
.32 3% 60 271 
.34 4% 66 296 
36 43% 72 323 
.38 4% .78 350. 
-40 4% -84 378. 
42 5 91 407 
44 5% .97 436 
46 5% 1.04 467 
.48 5% 1.11 497. 
.50 6 1.18 530. 
55 6 1.36 610. 
.60 7 1.55 690. 
.65 7% 1.75 780. 
.70 83% 1.95 870. 
75 9 2.16 970. 
.80 9 2.38 1070. 
85 10 2.61 1170. 
90 10% 2.84 1270. 
95 11% 3.08 1380. 
1.00 12 3.33 1500. 
‘Winans A 
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Fig. 2—Cross Section Rectangular Sharp Crest Wew 
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ll. The End Contractions of a Weir 


There are two methods of constructing the ends of the weir. 
The first of these is shown in Fig. 3 and results in what is 
known as a weir with end contractions. In this design the sharp 
crest of the weir as formed by the bottom of the notch is con- 
tinued up the ends of the notch, thus forming sharp edged ends 
for the weir. The water in flowing around these sharp cor- 
ners then follows a course very similar to that taken in flow- 
ing over the edge of a sharp crest. In flowing around the edge 
from behind the weir it cannot change direction sharply and 
it curves inward toward the center of the weir contracting the 
stream as shown in the illustration. 

The other method of designing the ends of the notch is to 
build it so that it extends the full width of the stream at that 
point, allowing the sides of the channel to form the ends of 
the notch and continue upstream at that width for a short dis- 
tance, at least. An example of this method of construction is 
shown in Fig. 4. When so built it is known as a weir without 
end contractions because the water in this case flows straight 
over the crest, the stream continuing full width all the way. 
The weir thus consists of a simple dam or bulkhead across the 
channel. 

It may readily be seen that if two rectangular sharp crest 
weirs have the same length and are flowing under the same head, 
the one that has end contractions (Fig. 3) is not discharging 
as much water as the weir without end contractions (Fig. 4). 
It has been found by experimentation that with sharp edged 
ends and a wide channel above the weir, so that the over-fall- 
ing stream is fully contracted, the effect on the discharge of 
the weir is the same as if the length of the weir were reduced 
by a distance equal to one-tenth (0.1) of the head at each 
end of the weir. 

For example: A sharp crested, rectangular, vertical weir 
is three feet long and the ends are so constructed that the flow 
will be fully contracted. If the head is one foot, then the ef- 
fective length of the weir is reduced by one-tenth of a foot at 
each end making its effective length (3.0 — O.z) = 2.8 feet— 
a reduction in capacity of about 7 per cent from the capacity it 
would have had without end contractions. Failure to make this 
correction might constitute a rather serious error. 

If the head on the same 3 foot weir were only 0.1 foot in- 
stead of 1.0 foot (or if the length of the weir were increased 
to 30 feet with a head of 1.0 feet) then in either case the re- 
duction in effective length would be only about 0.7 per cent which 
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Fig. 3—Weir with End Contractions 


would be a negligible error except in the most precise measure- 
ments. 

It is thus seen that the importance of making the correction 
for end contractions depends upon the relative head and the 
length of the weir. If the head is more than one twentieth (5 
per cent) of the length then end contractions will require a 
correction of more than 1 per cent and should certainly be ac- 
counted for. 

Weirs are seldom operated in practice under a head suffi- 
ciently great in proportion to the length that the correction for 
end contractions is of importance. In such cases it is evident 
that it does not matter how the ends of the weir are built. 
Many weirs under practical conditions are built so that they 
do not have theoretically sharp edged ends and yet neither 
are they ended against the sides of the stream channel. The 
ends may merely be formed by the wood or masonry of which 
the dam bulkhead is built. In such cases we know that there is 
some end contraction but we do not know how much. Such a 
weir should be checked up to determine whether the end con- 
traction correction would be of importance if it were complete. 
If it is found that the relation between the maximum head and 
the length of the weir is such that the correction would not be 


































Fig. 4—Weir Without End Contractions 


of importance (less than 1 per cent), then we know that it does 
not matter what it actually is and it can be neglected. It is 
found that the end contraction correction is of importance they 
either it must be estimated or else actual measurements of the 
flow must be made to determine what the correction actually 
should be. Usually it can be estimated. It is a help in esti- 
mating to actually observe the form of the stream during dis- 
charge of the weir. 

If the relation between the length of the weir and the head 
is to be such that the end contraction correction will be of im- 
portance then the weir should, if possible, be built either with 
full contractions or with none at all so that the correction will 
be definitely known. 

A weir may be built with a sharp edge on one end only so 
that the end has a full contraction and so that the other end 
has no contraction. The correction in such a case is, of course, 
— ~~ of the head to be subtracted from the weir 
ength. 


lll. Measurement of Head on Weirs 


The measurement of flowing water by means of a weir de- 
pends in turn upon the measurement of the head of water on the 
weir. Having determined the weir formula to be used, depending 
upon the design of the weir crest, the presence or absence of end 
contractions and any other fixed condition, the recorded flow then 
depends upon the head. The head is the single remaining variable 
quantity. It is the quantity which is actually observed and meas- 
ured in the field, the desired knowledge as to the amount of water 
flowing being then computed by the use of the formula, table or 
diagram. It is assumed in this discussion that the flow over the 
weir is not affected by backwater from below. 

The head on a weir is the difference in elevation between the 
crest of the weir and the surface of the water in the pool upstream 
from the weir. Figure 1 is a vertical cross section through a 
sharp crest weir with water flowing over it under a head indicated 
by (h). The shape of the upper and lower water surfaces shown 
in this figure have been determined by measurement and have been 
found to have forms similar to these, regardless of what the head 
is, so long as the weir has a sharp crest and a vertical upstream 
face. Under special conditions at low heads the water may, how- 
ever, cling to the downstream face of the weir. 

Figure 1 shows clearly the fact that in this general case the 





Fig. 1—Characteristics of Water Flow Over a Weir 








water only touches the crest along the one sharp edge and then 
leaps free. The arrows showing the converging stream indicate 
the reason for the shape which the lower surface of the water is 
found to take. There is one very important fact to be noted from 
Figure 1—namely, the upper surface of the water starts to curve 
downward before it reaches the weir. This results in the depth 
of water at the weir crest actually being only about 85/100ths of 
“hn” (expressed as 0.85h)—the condition which makes it neces- 
sary to measure the height of the water surface at some distance 
upstream from the weir when determining the head. The height 
of the water surface should be measured at a point located up- 
stream from the weir a distance at least equal to three times the 
maximum head to be encountered. 


Measuring Gages 


The type and design of gage to be used to determine the water 
level depends upon the accuracy desired and the conditions under 
which it will operate. 


Gage Board 2+ 
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It is used to measure from a fixed reference mark, above water 
level, down to the water surface. By allowing it to swing slightly 
the contact of the plumb bob with the water surface may be very 
accurately noted. This naturally assumes the water surface to be 
smooth. The plumb-bob gage may be most accurately read if the 
tape is run over a curved block of wood, mounted permanently 
above the water, which has the reference mark fixed on its upper 
surface, as indicated in Figure 2, The zero reading on this type 
of gage may be determined by measuring down to the water sur- 
face from the weir crest as shown in Figure 2 and applying the 
correction factor determined by a simultaneous reading of the 
tape. 


Chain Gage 


A similar type of gage known as a chain gage is often used. For 
the tape a chain running over a wheel is substituted. With this 
arrangement the position of a marker attached to the chain above 
the wheel is read along a horizontal scale. This type of gage is 
not so accurate as the former and it is not advised for weir read- 
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Fig. 2—Methods of Setting and Calibrating Weir Gages 


The Staff-Gage 


The simplest and most commonly used type of gage consists 
merely of a strip of wood or metal with the necessary graduations 
marked upon it. A section of a carpenter’s rule or a surveyor’s 
rod may be used if adequately waterproofed by varnishing. One 
of the best forms of gage board consists of a vitreous enameled 
ware metal plate mounted on a wood plank. The graduations and 
figures are baked into the enamel. Gages such as these, often 
called staff-gages, if well graduated and carefully read will en- 
able the water level to be determined to within about 0.01 feet, 
equivalent to about % inch. This is sufficiently accurate for most 
purposes other than studies requiring laboratory refinements. One 
of the greatest disadvantages of this type of gage, however, is 
the necessity for locating the observer’s eye near the water level 
when taking a reading. This is not always convenient. Care must 
be taken to read at the true water surface and not the height 
to which the water surface curves upwards where it wets the 
gage. 

When mounting a staff-gage great care is needed to insure that 
' the zero of the gage is exactly level with the crest of the weir 
and that it remains so. A small error in this respect will cause 
a large error in the results, particularly at low heads. Moreover, 
this error will always be in the same direction and will not tend 
to correct itself or be compensated for by other errors. 

By the careful use of a surveyor’s level a gage may be set with 
sufficient accuracy. If a surveyor’s level is not available then the 
water surface itself may be used in the manner indicated in 
Figure 2. Choose a time when the water surface is not rising or 
falling too rapidly and preferably when it is lower than the weir 
crest. By means of a carpenter’s hand level and rule measure 
the distance (x) down to the water surface from the weir crest. 
Then measure up from the water surface at the gage location and 
set the gage zero the same distance (x) above the water level 
as the weir crest was found to be. Then, afterward, such gages 
should be regularly checked to be certain that they have not been 
moved, and that the zero point is correct. 


Plumb-Bob Gage 


_Another form of gage is known as a plumb-bob gage. It con- 
sists of a graduated steel tape with a heavy plumb bob on its end. 





ings except in the case of rough work or high heads. It is often 
used for river heights where accuracy within about 0.05 feet is 
generally satisfactory. 

With all types of gages difficulty is introduced if the water level 
is disturbed by waves or surges. In the case of the gages above 
described this can only be overcome by the skill and patience of 
the operator in mentally averaging the indications while observ- 
ing them over a short period. Practice can develop considerable 
skill in doing this. 


IV. The Float Gage 


Probably the most accurate type of gage, if well designed and 
constructed, is a float gage. Besides its accuracy it also has other 
advantages. Difficulty in reading due to waves and surges may be 
most readily overcome with the float type gage which is readily 
adapted to the use of an automatic recording mechanism. They 
may be classified into two types. The simplest type consists of 
the float with a rigid vertical stem attached to and supported 
by the float, with an index or pointer at its upper end. The gage 
reading is obtained from the position of this pointer along a fixed 
vertical scale. In the other type of float gage the motion of the 
float is transmitted to some form of indicating or recording 
mechanism by means of a flexible wire or tape. 


The Float 


A suitable float is the first essential. It must not become 
water logged, but must retain its buoyancy. To meet this condi- 
tion a hollow sheet metal float is generally used, and copper is 
the preferred material because of its resistance to corrosion, The 
seams must be well locked and thoroughly soldered. Earthenware 
floats have been used in sewage or other corrosive liquids. Floats 
are most often made cylindrical with the axis vertical, in order 
to fit in a float pipe and. for ease of construction. It is impor- 
tant to have the top and bottom dished outward so that the float 
cannot be weighted with water on top or lifted by air trapped 
beneath. The float should have at least three vertical fins project- 
ing a half inch or more from its sides in order to prevent it from 
clinging to the wall of the float pipe or well. Sometimes a spherical 
float is used, but in that case its weight, or its counterweight, 
should be adjusted so that it will float near its middle, in order to 
gain the maximum sensitivity. 
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Float Pipe 


Floats are usually provided with some form of float pipe or 
stilling well. This serves two principal purposes—it serves as a 
~ for the float, and by adjusting the size of the communi- 

ing opening into the float pipe the effect of waves or surges 
upon the gage readings may be reduced. The use of a float pipe 
also makes it possible to locate the gage a short distance away 
from the body of water being observed, the level in the float pipe 
being maintained by a small size connecting pipe. With such an ar- 
rangement care must be exercised to avoid air traps in the connect- 
ing pipe. The connecting pipe should be made of non-corrosive 
material and should be provided with convenient means for flushing 
it out. A float pipe should be provided with a cover, having only a 
small opening for the wire or tape, in order to prevent objects 
from falling in and lodging on the float. 

If the gage mechanism is light and easily operated, a 5-in. 
diameter float in a 6-in. float pipe makes a good combination. If 
a high degree of sensitivity is desired, or if a recorder requiring 
some power to operate it is used, then a larger float is desirable, 
a 10-in. float in a 12-in. pipe, or even larger, being often used. 


Gage With Rigid Stem 


The type of float gage having a rigid stem is the simplest and 
is also probably capable of the closest reading with accuracy, 
since the only friction involved in its motion is due to whatever 
guides may be needed to keep the stem upright and in the correct 
position with relation to the scale. The effect of this friction in 
preventing accurate response of the gage to changes in the water 
level may be largely if 











not entirely avoided by Scale 
gently tapping the stem 5 
while reading the gage. 
Gages of this type, if 
properly designed and 
constructed, may be read 
directly to the nearest i J} 
one thousandth of a foot =. o= 
(0.001 ft.), which is Pointer or 
about the best in true wnder 
accuracy that can be ex- al 
pected from single read- a Ster- 
ings of any type of gage. ( 

An ay eon - { rm 
this type of gage, whic | || 
has been used extensive- | Float Pipe 
ly and which is highly | 
suitable for accurate 
weir head readings, is hs Float 
shown in Fig. 1. In this Ic 
design a 7-in. float may 
be used in an 8-in. float 
pipe. The float stem is a 





brass rod of about 3/16 
in. or % in. diameter, 
depending on the height. 
The best scale is made 
from a graduated brass 
strip about % in. thick. 
It is provided with a 
continuous projection along its back edge which serves to guide 
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Fig. 1—Float Gage with Stem 





the index or pointer in the correct position for easy readi 
and to hold the stem vertically above the float. . ding, 


Gage With Flexible Wire 


The second type of float gage, using a flexible wire or tape, is 
more adaptable to different arrangements, since the motion is 
usually converted into a rotary motion by the wheel or drum on 
which the wire is wound, and thus the readings may be shown 
on a circular dial, or a recording mechanism may be operated 
It is not always so simple to overcome the friction of motion in 
this type of gage, and for that reason it may not be read quite so 
accurately unless the float is larger than with the rigid stem type. 

A metal wire or tape is necessary for accurate readings in 
order to avoid changes in length due to stretching or moisture. 
The wire should be stranded, made from a large number of very 
small wires braided together, in order to be flexible and with- 
stand frequent bending. Either wire or tape must be of bronze or 
other non-rusting metal. 

The simplest arrangement of this type of gage consists merely 
of passing the wire over a wheel or pulley and having a counter- 
weight on the end. Reading may then be taken from the motion 
of a pointer attached to the wire along a fixed vertical scale 
beside it. A very crude form of such a gage has often been seen 
on railroad water tanks. 

A more usual arrangement in water works practice is to attach 
the end of the float wire to a drum, around which it is then wound 
a number of turns. The counterweight is then hung from another 
wire similarly attached to the drum. By such design slipping of 
the wire is avoided and the revolution of the drum is a true 
measure of the change in water level. The drum is then connected 
to a rotating pointer on a dial or to a recording device. By intro- 
ducing suitable gearing a wide range of float motion may be 
shown as only a part of a revolution of the pointer on the dial, or 
other variations may be introduced changing the scale of readings 
to suit the conditions and the requirements. 

The drum upon which the wire is wound should be provided 
with spiral grooves to receive the wire so that it will be guided 
in a single layer and will not wind upon itself, thereby changing 
the effective diameter of the drum and affecting the accuracy of 
the gage. If desired, the drum receiving the counterweight wire 
may be smaller than the drum for the float wire, thereby resulting 
in a shorter travel for the counterweight where this is of any advan- 
tage. The counterweight should not become submerged, since its 
effective weight would thereby be altered and the submersion of 
the float changed. 


Gage With Tape 


If a tape is used it is customary to provide it with uniformly 
spaced perforations which fall over similarly spaced projecting 
pins on the drum, thereby preventing slipping. A tape is, of 
course, not wound around the drum, but merely passes over it 
once, with the counterweight on the end. The counterweight must 
then travel through the same range of motion that the float does. 


Indicators and Recorders 


Many good designs of indicating and recording instruments are 
commercialy available for use with floats and which are adaptable 
to different conditions and requirements. Floats may also be 
utilized similarly to operate transmitters for long distance elec- 
trical transmission of gage readings, known as telemeters. 
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Section through flow mecha- 
nism of Ledoux Bell type 
Register. 








4 ; NEW YORK PHILADELPHIA BUFFALO 
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i STANDARD BAILEY REGISTERS 

v4 

4 Open Float Type Meters—The flow of Slee 

' sewage, sludge, dirty water or other- 

' liquids in pipe lines is accurately meas- 

bs ured by the Bailey Float Type Meter 


using a Venturi Tube, flow nozzle or 
orifice as the primary producing de- 


This meter is of the open float tube 
type with differential gearing and cam 
designed so that the register operates 
in direct proportion to the rate of flow. 


Standard Bailey indicating, record- 
ing and integrating instruments are 
used; charts being 12” in diameter and 

These instru- 
ments may be either wall or panel 
mounted and may be furnished on self- 
supporting panels if desired. 


Bailey float type meters are simple, 
sturdy, neat-appearing and extremely 
Capacities may be changed 
by simple adjustments within the reg- 
ister and remote instruments can be Ut o—~—y | 
operated from the main register if de- Indicating, Recording and 


Bailey Registers measuring Sewage, Sludge 
and Air in an operating gallery at Easterly 
S reat t Works, Cleveland, Ohio. 


| BAILEY METER COMPANY 


1072 Ivanhoe Road, CLEVELAND, OHIO 


PITTSBURGH ERIE 
KANSAS CITY 


BAILEY METER COMPANY LIMITED, Montreal, Canada 
METERS, GAGES and CONTROLLERS for SEWAGE TREATMENT and WATER SUPPLY 


HOUSTON DENVER 












































Integrating open float tube 
type Register. 


‘ Bailey Flume Meters—Surprising low head losses result from 
the measurement of water or sewage in open channels when 
Bailey Flume Meters are used. These simple self-cleaning 
meters indicate, record and integrate on standard Bailey 
registers. Instruments may be placed in remote locations by 
the addition of the Bailey Synchro-Meter transmission system. 


Bailey Weir Meter—Highly accurate results in the measure- 
ment of sewage or water flowing in open channels are ob- 
tained by the use of the Bailey Weir Meter. 


Complete flexibility in the loca- 
tion of the standard Bailey 
registers of this meter may be 
provided by the Bailey Synchro- 
Meter transmission system. 


Bailey Fluid Meter—The flow of 
steam, liquids and gases in pipe 
lines at high or low pressures can 
be accurately measured by the 
Bailey Fluid Meter. A Venturi 
Tube, flow nozzle, or orifice is 
used as the differential producing 





device and the meter indi- 
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cates, records and integrates 


ter previously described. Re- 
mote recorders may be pro- 
vided by Bailey Synchro- 
Meter transmission which 
operates electrically on’ al- 
ternating current. f e 


on the standard Bailey regis- i 


-In addition to the rate of 
flow, this meter may also re- 
cord pressure, temperature 
or liquid level on the same 
chart. 


Described in bulletin Wo. 
301A. , 
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Section through flow mechanism 


of Air Meter 


Air Meters—These meters measure Air Flow in main lines 


‘ and in individual lines to aeration tanks. 


The register is similar in appearance to the Ledoux bell 
type, and the flow mechanism is designed to operate on a 
maximum differential pressure of 8-in. of water. Described in 


bulletin No. 301A. 


Remote Registers—Bailey Telemetering systems make it pos- 
sible to operate remote. indicating, recording or integrating 
registers, which may be installed at a distance from the direct 
connected unit. These registers may measure flow in individ- 
ual lines, total flow, liquid level, pressure and other factors. 


Venturi Tubes—Standard Bailey Designs include a complete 
range of Venturi tubes and other primary elements suited to 


the measurement of sewage, 
sludge and water. The selection 
of a suitable primary element is 
governed by such factors as ca- 
pacity required, type of flanges, 
pressure loss allowable and char- 
acter of fluid to be metered. 


Controllers — Bailey Controllers 


utilize standard Bailey Meters J 


and Recorders as the basic meas- 
urement source for the automatic 
control of factors, such as flow, 
ratio, pressure and liquid level. 
They are operated by compressed 
air at approximately 35 Ibs. pres- 
sure and match perfectly with 
other Bailey gages and registers. 


Bailey control is fully automat- 
ic, dependable and exceptionally 
flexible. bd 





Bailey Recorder— 
Controller. 

























































































BUILDERS-PROVIDENCE, INC. 


DIVISION OF BUILDERS IRON FOUNDRY 
9 Codding St. Providence, R. I. 


New York: 20 Vesey St. Philadelphia: 2045 North Broad St. Chicago: 866 Peoples Gas Bldg. Pittsburgh: 1403 Oliver Bldg 
Washington, D. C.: 1427 Eye St., N. W. 


REPRESENTATIVES 
ATLANTA, GA., Evans Shuff, 412 Title Bldg. PORTLAND, ORE., Engineering Equipment Co., 5 
CHARLOTTE, N. C., J. R. Purser Sales Engr., Inc., Independence Bldg. ST. LOUIS, MO., Strickland & €o., "4903 Delmar a ities 
CINCINNATI, OHIO, Harry T. Porter, 1403 Union Central Bldg. ST. PAUL, MINN., Commonwealth Electric Co., 417 Broadway. 
DALLAS, TEX., Morey & Morey, 417 Praetorian Bldg. SALT LAKE CITY, UTAH, Riter Engineering Co., 314 Kearns Bld 
DENVER. COLO., J. B. Ambler, P. O. Box 591. SAN FRANCISCO, CAL., F. W. Kolb, 598 Monadnock Bldg. ” 
DES MOINES, IOWA, Delavan Engineering Co., 414 Twefth Street. SEATTLE, WASH., Engineering Equipment Co.. Securities Bldg 
DETROIT, MICH., William A. DaLee, Inc., 4835 Woodward Ave. MONTREAL, P. Q., CAN., Keith Mercer, 1100 Craig Street, East 
KANSAS CITY, MO., G. C. Kahl, Dwight Bldg. TORONTO, ONT., CAN., Control & Metering, 454 King St. W. — 


LOS ANGELES, CAL., C. P. Crowley, 711 Gibbons St. : 


PRODUCTS a Pump Control. % Proportioneers % Chem- 
Venturi Meters for Water, Sewage, Sludge, ical Feeders for Water and Sewage 
and Air; Flo-Watch Meters for relatively HILDER Treating. 

less important lines; Venturi Rate of Flow - 

Controllers; Loss of Head and Rate of WATER AND SEWAGE PLANT ENGINEERING SERVICE 
Flow Gauges; Reservoir and Tank Eleva- yiluwment Inquiries for recommendations covering the 
tion Gauges ; Sewage, Sludge, and Air Flow adaptation of standard metering and con- 
and Ratio Gauges. Chronoflo Meters for Distant Meter- trolling devices are invited. Printed bulletins, illustrat- 
ing. Summation of Meter Totals, Continuous Sludge ing and describing devices mentioned briefly in these 
Weighing Chemical Feeding, Suction Well Level and pages, are available upon request. 


VENTURI TUBES—for Water and Sewage 


HERSCHEL STANDARD VENTURI METER TUBE STYLE S-4 VENTURI METER TUBE 





Fig. 1. Two Standard Types of Venturi Tabes 


The Venturi Meter is recognized as the standard means For the measurement of liquids containing solids, such 
of measuring the flow of water in large mains. It con- as sewage or sludge, the Air Relay Transmitter is 
sists of the Venturi Tube (Fig. 1), installed as a section used to prevent the liquid from coming into contact with 
of the main, and the Register-Indicator-Recorder (or the instrument. 

other Instrument) connected to the Tube by two small KENNISON 

pressure pipes. The proportions and length of the NOZZLES 
Herschel Standard Venturi Tubes were selected by the —for Open Flows 

inventor from extensive experimentation and are de- This nozzle accurately measures 
signed for a minimum pressure loss. This usually has flow through partially filled pipes 
a definite economic value since it lowers pumping costs. and open channels where there is 
Throat sections for these Tubes are completely inter- a wide variety in flow rates. 
changeable. The Style S-4 Venturi Tubes are shorter, They are available in sizes from fj. 2, Kennison Nosale for 
somewhat lower in price, but throats are not as inter- 6” to 36” and are used with the open flows 
changeable and pressure loss is somewhat greater. Instruments shown below. 


BUILDERS INSTRUMENTS —for Use with Venturi Tubes, Kennison Nozzles, 
Orifice Plates, and Weirs 


Builders Instruments have been widely total quantity on a.circular counter dial. 
installed for measurement of flow under Each type M is graduated for the par- 
all kinds of operating conditions and ticular Venturi Tube with which it is to 
have earned for themselves the hearty be used. 


recommendation of engineers and oper- as 
ating men. Type M Register-Indi- The Flo-Watch, Fig. 4, is an accurate, 


cator-Recorders (Fig. 3) are the most mechanical instrument designed for use 
popular instruments and have the advan- —on main lines in small plants and secon- 








, . Fig. 4. Flo-Watch 
tage of unusual ruggedness and extreme dary lines in large plants. It records, atone steemer- 


" " " r : bs ae . Recorder 
accuracy. The Type M furnishes three indicates, and totalizes the flow. = 


distinct kinds of information ; an indica- ; . 
tion of the momentary flow through the Simplest of all, is the Barometric Type Mercury 


Fig. 3. Type M Venturi Tube; a permanent record of | Manometer, which has a flow rate scale graduated di- 
Register ~ Indicator’ this rate upon a large circular chart; the _rectly in flow units, and indicates the rate of flow. 





























VENTURI FILTER RATE OF FLOW 
CONTROLLERS 


Venturi Controllers have been 
standard equipment in filtra- 
tion plants for many years. At 
present several types of con- 
trollers are offered, each type 
Fig. 5. Type E Direct designed to serve particular 
Acting Controller conditions in automatically 
maintaining constant rate of flow through the filter bed. 

The Type E Direct Acting Controller (Fig. 5) 

features include: precise control, low loss of head, rigid 

balanced valve, compact, yet flexible design, powerful 

“floating piston” actuation, and exclusive molded, tap- 

ered piston seal. 

The Types A and B Controllers are hydraulically 

operated. Type A has a controller valve of the gate 

type with specially designed seat; Type B has a double 
butterfly valve and is for the larger effluent lines. 

Wash Water Controllers, Manual Master Controllers, 

and Clear Well Master Controllers are also available— 

information upon request. 

BUILDERS GAUGES—for Water & Sewage Plants 
Builders Gauges are the result of near- 
ly a half century’s experience in de- 

rN] ae signing, manufacturing, and furnish- 
ing such instruments for hundreds of 
plants. Mechanically they have been 

— a reduced to simple elements ; externally 

they are styled and finished to harmonize with the at- 

tractiveness of modern filtration plant interiors. 
Rate of Flow and Loss of Head 

Rate of flow and loss of head gauges, Fig. 6, are mounted 

usually on the operating table, convenient to valve con- 

trols, but can be mounted on self-supporting floor stands 
where desirable. The indicator and chart display the 
information gathered by the differential-responsive units ; 
upon these the gauge depends for accurate, powerful 
actuation. Builders Diaphragm Pendulum Units, after 
more than a decade of service in plants operating under 
all sorts of conditions, have earned the emphatic ap- 
proval of water works engineers. 

Water Level Gauges 

Used for indicating and/or recording water level in bas- 

ins, tanks, and reservoirs. Such gauges are operated by 

a spherical copper float in a pipe or well. Indicator dials 

and charts are graduated to read directly in feet of depth, 

elevation, or other specified units. 

Chronoflo Long Distance Gauges (Fig. 11), are ex- 

tremely convenient for indicating and recording level in 
outlying reservoirs and stand-pipes. 

Large Dial Gauges 
Builders Large Dial _ Illuminated 
Gauges, Fig. 7, available in 24” and 30” 
sizes with single or double faces for 
wall or ceiling mounting, are com- 
monly used in water works to make 

Pee: 9, hai tia readings visible to the operator from 

Gauge any point in the operating gallery or 

pump room. Important features include the concealed dou- 

ble hinges, which allow access to mechanism without re- 

moval from wall, and indirect gas tube illumination which 

~ uniform soft glow around entire circumference 
of dial. 





Ratio Indicating Gauges 
In sewage plant service 
efficiency of operation is 
maintained by a knowl- 
edge of the ratio between 
air /sewage, air/sludge, 





Fig. 8. Five Dial Ratio Gauge s 
etc. Special gauges, Fig. 8, are available for this service. 


CHRONOFLO METERS AND THEIR 
APPLICATIONS 

Since their introduction a decade ago, 
Chronoflo Meters have found broad 
applications in water and sewage plant 
service in bringing to a central oper- 
ating point, from widely scattered lo- 
cations, accurate records of flow, Fig. 
10, level, Fig. 11, pressure, tempera- 
ture, gate position, and weight, Fig. 
13. Chronoflo Transmitters are elec- 
trically connected by a simple two-wire 
circuit to Chronoflo Receiving Instru- "#* 2; Chronofle 
ments. 





Distant Metering 


Fig. 10. Flow 
through a Ven- 
turi Tube trans- 
mitted to Chro. 
noflo Recorder at 
distant point 





Tank Level and Pump Control 


Fig. 11. Level in 

distant elevated 

tank is recorded; 

and pump is con- 

trolled by Chro- 
noflo 





Control of Chemical Feeders 


Fig. 12. Flow 
Over a weir con- 
trols rate of 
chemical feeding, 
using a Chrono- 
flo Transmitter 





Fig. 13. Toledo- 
Chronoflo Con- 
tinuous Conveyor 
Scales are used 
for automatic 
sludge weighing 
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MAIN-LINE METERING OF WATER, SEWAGE 






AND SLUDGE 


By ROBERT T. REGESTER 
Consulting Engineer, Baltimore, Md. 


N accurate and convenient means for metering the flow of 

water in main pipe lines presented an unsolved problem in 
early American hydraulic and water supply practice. It was not 
until 1887 that Clemens Herschel, eminent New England engineer, 
conceived the idea of applying the Venturi principle as a practical 
method of flow measurement. After conducting elaborate experi- 
ments, he invented and successfully calibrated a compound coni- 
cal tube which he named the “Venturi meter.” In 1891 the meter 
was first installed by the East Jersey Water Company. Its 
success was immediate and marked a notable contribution to 
hydraulic engineering. Twelve years later, the first Venturi 
meter for the measurement of sewage was installed in a large 
discharge pipe at the Ward Street Pumping Station of the Boston 
sewerage system. This installation was also successful and con- 
tinues in operation today. 

Since these first applications, continuous developments and im- 
provements have been made in Venturi metering, particularly 
with regard to automatic registering and recording instruments. 
Today Venturi meters and their related devices are used through- 
out the world in both water works and sewerage systems for a 
variety of purposes. They are recognized as invaluable aids to 
the efficient operation and control of modern water purification 
plants and sewage treatment works. Although other metering 
elements are available, the Venturi meter is the universal standard 
for the measurement of water, sewage and sludge flowing through 
main pipe lines. 


Venturi Tubes 


A standard Venturi tube, as shown in Figure 1, comprises a 
cylindrical inlet, a converging inlet cone, an intermediate “throat” 
section and a diverging outlet cone. The inlet cone has a rather 








Fig. 1—The Herschel Standard Venturi Tube 





steep taper while the outlet cone tapers more gradually. The 
interior passageway of the tube is entirely unobstructed. The 
sections of these tubes are usually made of cast iron with throat 
part bronze-lined to resist corrosion. The inlet and outlet cones 
are occasionally constructed of either reinforced concrete or 
steel plates. At both the inlet and the throat of each tube, an 
annular pressure chamber communicates with the interior by 
means of numerous small and equally-spaced vent holes. These 
annual chambers are basically important features of Venturi 
tubes. The essential purpose of each chamber is to average the 
pressure head at several points around the tube’s circumference, 
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bag. 2—Hydraulic Grade Line for klow Through a Venturt Lube 




























































thus avoiding the inaccuracies otherwise introduced by using a 
single-vent piezometer. 

The favorable hydraulic properties of the standard Venturi 
tube are unequalled by any other type of metering device for 
main pipe lines. If piezometers are inserted along a standard 
Venturi tube, the hydraulic grade line will follow the curve as 
illustrated in Fig. 2. The velocity of flow rapidly accelerates 
from the inlet to the throat, and thereafter gradually decelerates 
through the outlet cone. Accordingly the pressure head which 
is greatest at the inlet end rapidly decreases to the throat where 
it is least. This difference in pressure bears a definite relatioy 
to the velocity of flow and therefore, the quantitative rate oj 
flow. This function varies approximately as the square of the 
velocity in the throat. It should be particularly noted that the 
pressure is gradually regained as the velocity decreases in the 
outlet cone, until at the outlet end nearly all of the original 
pressure head has been restored. The overall pressure drop, or 
“friction loss,” between the inlet and outlet ends is relatively 
small for normal rates of discharge, and for low rates it js 
negligible. 

The size of a Venturi tube is expressed by the diameter of 
the inlet and outlet ends, in inches, which usually is the same 
nominal diameter as the pipe line for which the tube is intended. 
The standard tube of Herschel proportions has an average length 
of about nine inlet diameters, but the exact length depends upon 
the throat diameter. For installations where the conditions are 
favorable, shorter and somewhat less costly Venturi tubes are 
available. In general, these are similar in construction to the 
standard tubes, but have outlet cones of sharper taper with 
consequent greater friction loss. Certain special designs of 
tubes are also made, such as elliptical, constant-acceleration and 
flat-invert (or eccentric type). In instances where low points 
cannot be readily drained, or where overhead clearances are 
very limited, the flat-invert tube may be desirable. However, 
such-tubes are considerably more costly than standard concentric 
tubes, which experience has demonstrated to be most suitable 
for normal installations. 

For the measurement of sewage and sludge, Venturi tubes 
require certain special appurtenances. At the inlet and throat 
pressure chambers, vent-cleaning valves are necessary so that, at 
intervals, the vents can be cleaned of deposits and the pressure 
chambers flushed. An individual hand valve is often provided 
for each vent. However, a recent device (Fig. 3) is available 
for simultaneously actuating all of the vent-cleaning valves by 
the operation of a single water- or air-pressure supply valve. 
Hand holes near the inlet and the throat are useful for an 
occasional inspection of the interior surface of a tube. In cases 
where the sewage contains corrosive industrial wastes, a special 
split-flange section of tube can be provided to expose the entire 
throat part for examination and cleaning. 


VENT CLEANER 
-~ WALVES >. 









HYDRAULIC VENT CLEANER 
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Fig. 3—Hydraulic Vent Cleaning Assembly 
for Simultaneous Operation 








Other Types of Meters 
Orifices and Nozzles 


Among other types of meters available for main pipe lines are 
orifices and flow nozzles. Orifices can be obtained in several 
forms, the most familiar of which is a circular opening in a 
flat plate clamped between a pair of flanges in the pipe line. 
The hole of the orifice may be either concentric or eccentric in 
the flat-plate type. Piezometer connections are made on each 
side of the orifice plate by tapping two small tubes into the main 
pipe line. The differential pressure between the inlet and outlet 
sides of the plate is used to actuate the metering instrument. 


Orifice plate assemblies with annual pressure chambers, tapped” 


for piezometer connections, are available. 


The hydraulic grade line for a plate orifice is shown in Fig. 4. 
With flow through the main pipe, the pressure head drops 
abruptly at the orifice and continues to decrease slightly opposite 
the plane of greatest contraction just downstream from the plate. 
Beyond this plane the pressure then increases with partial recov- 
ery of the original pressure head. Because of the plate projection 
inside the pipe considerable turbulence results; hence the overall 





PIPE DIAMETERS 


Fig. 4—Hydraulic Grade Line for Flow Through a 
Concrete Plate Orifice 


friction loss for a given ratio of orifice and pipe diameters is 
much greater than for a Venturi tube having the same ratio of 
throat and inlet diameters. 

If used for the measurement of sewage and sludge, plain 
. orifice meters may be subject to inaccuracies resulting from 
erosion of the edge and accumulation of solid matter at the 
projection. Certain specially shaped orifices, or so-called “flow 
nozzles,” resembling Venturi tubes can be furnished to overcome 
some of the disadvantages of the plate orifice. 


The Kennison Nozzle 


The Kennison open-flow nozzle is suitable for measuring flows 


of sewage, industrial wastes and sludge in partially filled pipes - 


and open channels. This nozzle is bolted to the outlet end of a 
main pipe line with free discharge. The design utilizes the inlet 
depth produced by a specially shaped outlet for the rate-of-flow 
function which varies directly with the head. At the inlet of 
the nozzle, a connection is made to a float tube for operating the 
metering instrument, Fig. 5. Kennison nozzles are made in inlet 
sizes varying from 6 in. to 36 in. diameter. Another type of 
nozzle for partly filled pipes utilizes the discharge-angle relation, 
produced by a vane which receives the discharge impact, as the 
rate-of-flow function. This latter nozzle (Schofield) has a 
parabolic outlet. 
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Fig. 5—Typical Installation of the Kennison Nozzle 


The Parshall Flume 


For the measurement of sewage flows in open channels, the 
Parshall flume is now extensively used. This Venturi shaped 
flume usually operates as a free-flow device and therefore requires 
the use of a single pressure head to accurately determine the 
discharge rate. The flume was originally developed and is 
widely used in the West for irrigation purposes. The first 
important installation for measuring sewage was at Providence, 
R. I., in 1931, where a large flume having a capacity of 120 
M.g.d. with throat width of 10 ft. (Fig. 6) meters the effluent 
from the sewage treatment plant. An important characteristic 
of the Parshall flume is the relatively small loss of head, which 
is about one-fourth that of the standard weir for free flows. 
This fiume is adaptable for both large and small plants and has 
been calibrated for a variety of sizes and corresponding capaci- 
ties. A pipe connection is made on the tapering inlet side of the 
flume for the float actuation of a metering instrument. 


Discharge Coefficients and Friction Losses 


With any type of meter for main pipe lines, the accuracy of 
measurements must be supported by exact knowledge of the dis- 
charge coefficient and its relation to the size, ratio and other 
characteristics of the respective type. The accuracy of the 
Venturi meter has been established through numerous carefully 
conducted calibration tests by hydraulic laboratories and promi- 
nent manufacturers. Such tests have demonstrated that the high 
initial accuracy of the Venturi meter remains unimpaired during 
years of continuous service. Coefficient curves for standard 
Venturi tubes (as made by Builders Iron Foundry and the 
Simp'ex Valve & Meter Co.) are available in the A. S. M. E. 
—Fluid Meters Research Publication, Part I, 1937. In addition 
thereto, various types of upstream disturbances have been 
analyzed with regard to Venturi tubes and corrective vanes have 
been studied by Prof. W. S. Pardoe (Trans. A. S. M. E— 
Nov., 1936, and Nov., 1937). Also, a valuable study of the 
proper application of piezometer connections to metering devices 
was made by Messrs. Allen and Hooper (Trans. A. S. M. E.— 
1931) as a further contribution toward meter accuracy. 

The overall friction loss produced by a differential metering 
device in main pipe lines is frequently of economic importance. 
Such losses may substantially increase annual pumping costs, or 
may materially decrease the gravity head which is available for 
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Fig. 6—One-Half of the Parshall Flume, Looking Downstream 
to Throat Section—Providence, R. I. 


other essential purposes in both water purification and sewage 
treatment plants. This latter condition may involve greater 
construction costs due to the lowering of structures to meet the 
resulting hydraulic grade lines. In either case, a small initial 
saving in the price of an unsuitable meter may be insignificant 
in comparsison with the ultimate cost incurred by excessive 
fraction loss. Accordingly, that metering device in which the 
recovery of inlet pressure head is the greatest will most likely 
prove to be the most economical selection. 

The accompanying diagram, Fig. 7, strikingly presents a com- 
parison of the recovery characteristics and friction losses for a 
standard Venturi tube of Herschel proportions, a short Venturi 
(S4) tube, two types of flow nozzles (NS and N) and an orifice 
plate. These data are expressed thereon as precentages of the 
differential head for various ratios of throat and inlet diameters. 
For the frequently used ratio—0.5, it should be noted particularly 
that the corresponding friction loss for an orifice is about seven 
times the loss for a Herschel standard tube. 

Herschel standard Venturi tubes have a fraction loss of only 
10% to 15% of the differential head for a ratio of 0.25 to 0.75— 
throat to inlet diameter. In comparison, the fraction loss for 
orifices is much greater and varies from 49% to 92% of the 
differential for the same ratio range of orifice opening to pipe 
diameter. 


Venturi Metering Instruments 


A variety of instruments for the measurement of water and 
sewage in connection with Venturi tubes and other differential 
metering devices is available. Each type is actuated by the 
differential head, either by direct connection or by some medium 
of transmission such as air or electricity. Several types of 
instruments are illustrated in Fig. 8 and 9. The mechanism 
of one prominent type is shown in Fig. 10. At the rear of the 
register two large mercury wells, connected at the bottom to 
form a U-tube, receive the differential pressure from the Venturi 
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Fig 7—Recovery Characteristics and Friction Losses of Various 
Differential Producers 
For Figs. 8 and 9, see next page. 
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Fig. 10—One Example of the Pressure Chamber Type of Regis- 
ter Mechanism, with Rack and Gear Transmission of the Float 
Movement 


tube through small pipes*from the inlet and the throat. One 
of the mercury columns supports a solid metal float of large 
diameter, which is responsive to minute variations in mercury 
levels. Through a positive rack and gear transmission, the float 














For Fig. 10, see 
preceding page. 






































Fig. 8—Pressure Chamber Type of Instrument 
Using Mercury Sealed Bell (Courtesy of Simplex 
Valve & Meter Co.) 


movement establishes the position of the rate-of-flow indicating 
hand, the rate recording chart pen and the driving roller of the 
motor-driven totalizer. These are respectively the upper, lower 
and middle dials (Fig. 9). 

A simple mechanical instrument, suitable for main pipes in 
small plants and for less important pipes in large plants, is 
very similar to the instrument shown in Fig. 13. This instrument 
can be used with either Venturi tubes or orifices for the meas- 
urement of water, sewage, sludge, air and other fluids. Principal 
features of this device are compact design, gear-driven integrator 
and universal mounting for floor, wall or panel. 


A portable and sturdy flow-rate indicating instrument of the 
barometric type is shown in Fig. 11. The rate scale, 22 in. 
long, can be graduated to read directly in units of flow. The 
slightest change in rate through the Venturi tube, or other differ- 
ential producer, will cause an immediate and relatively large 
response in the vertical movement of the mercury column within 
the single glass tube. In addition to this instrument, several 
types of manometers can be obtained for a variety of purposes. 
A double-tube type is especially suitable for general testing work. 
Graduations can be either in inches of deflection, or directly in 
rates of flow. 

Where the conditions of installation make the use of mechani- 
cally actuated instruments impracticable, electrically-operated 
transmitters with receiving instruments can be employed for 
remote metering indications and recordings. Numerous types or 
systems have been developed such as time impulse, stepped resis- 
tance, self-synchronous motor pairs and others. 

The time impulse system is used with Chronoflo transmitter 
and receiver instruments, Fig. 12 and 13. The transmitter re- 
ceives the differential pressure, and is usually installed close 
to the Venturi tube or other differential device. It contains a 
mercury float, a synchronous motor-driven mechanism and a 
magnetic mercury switch. These elements are so interconnected 
that for a portion of each cycle (%4 to 1 minute), varying in 
duration in exact proportion to the rate of flow, electrical “time 
impulses” are sent to the distant receiving instrument. The 


Fig. 11—Portable Flow- 

Rate Indicating Instru- 

ment of the Barometric 
Type 














Fig. 9—Modern Register-Indicator-Re- 
corder, with Pair of U-Tube Mercury 
Wells (Courtesy of Builders Iron Foundry) 


latter, through motor-driven magnetic clutch elements, trans- 
lates these impulses into flow units on the dial and chart. 

Weather-proof instruments for installation out of doors are 
readily available with substantial weather-proof metal housings. 

Metering instruments are logical sources of signal and control 
actions as related to flow rates. Lights, sound apparatus, power 
relay switches and other electrical elements can be readily actu- 
ated by such instruments at relatively small cost. 


Methods of Installation 


Two simple methods of installing Venturi tubes and instru- 
ments for the measurement of water are shown—Fig. 14. That 
for medium and high heads is on the left, and the method for 
low heads on the right. When the pressure is ten pounds or 





























Fig. 12—Transmitting Unit Fig. 13—Receiving Unit 


Chronoflo Time-Impulse Instruments for Remote Metering 
(Courtesy of Builders Iron Foundry) 
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uiore at the floor where the instrument is located, two small 
pressure pipes—one from the inlet and the other from the throat 
of the tube—form a direct connection. These pipes can be 
several hundred feet in length. Where the acting hydraulic 
head is low (e.g. raw water supply to filter beds) the usual 
mercury we'ls at the back of the registering instrument are 
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Fig. 14—Venturi Meter Installations 


Left—For Medium and High Heads 
Right—With Float Tubes for Low Heads 


removed and vertical inlet and throat float tubes are substituted. 
Cables from these floats lead to a differential actuating mechan- 
ism at the back of the instrument. 


Other types of installation require the mercury wells to be 
placed at a low elevation with a cable connection to the register 
above. With any of these types for the measurement of sewage 
and sludge, provision must be made for seals to prevent deposits 
from reaching the registering instrument through pressure con- 
nections, or for proper flushing with clean water. Such flushing 
may be either continuous or manually regulated, as the require- 
ments dictate. 


Air Relay System 


The use of compressed air as a medium for the transmission 
of the inlet and throat pressures of a Venturi tube, or other 
differential producer, to a distant recording instrument is fre- 
quently advantageous. One type of “air relay system’ employs 
two diaphragm units, one directly connected to the inlet and the 
other to the throat of the Venturi tube. Each unit consists 
(Fig. 15) of a hollow chamber (C) which is divided into two 
compartments by a solid rubber and fabric diaphragm (D). 
The inner side of the diaphragm is subjected to the liquid 
pressure from the tube; the outer side receives an external air 
pressure to balance the liquid pressure on the inner side. Air is 
continually vented through a throttled needle valve (N) attached 
to the diaphragm unit. Two small pipes, one from the inlet 
and the other from the throat relay unit, are connected from 
the outer compartments to the usual mercury wells at the rear 
of the registering instrument. The transmitted air pressures 
are exactly equal, respectively, to the actual inlet and. throat 
pressure heads in the Venturi tube. 

This type of unit forms a seal between the tube and the 
instrument, which is especially important in metering sewage 
and sludge. In the measurement of sludge, unless it is “thin,” 
it is necessary to provide continuous water flushing through 
appropriate small sight-feed orifices. 


Another well known type of air relay system operates with a 
single air pressure which is proportional to the amount of the 
liquid differential pressure. 
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Fig. 15—Diaphragm Unit for Air-Relay 
System 


Flow Summation 


Recent developments make it possible to summarize, on a 
individual meters in their respective discharge pipes. It may be 
single instrument, the readings of several meters. For example, 
a water works pumping station may have several pumps with 
desirable to totalize these separate flow rates for purposes of 
accurately introducing chemicals, such as chlorine, without 
wastage. In this case, an electrical transmitter (such as Chrono- 
flo) can be attached to each registering instrument (Fig. 16). 
The impulses sent out by these transmitters go to a master unit 
which integrates the respective values, and then transmits the 
total to distant summation indicating, recording and totalizing 
instruments, as required. 

In sewerage districts and sewage treatment plants, the sum- 
mation principle can be utilized to great advantage. Sewage 
flows from scattered communities can be summarized and trans- 
mitted to the central or joint treatment plant for the guidance 
of the operator, and for the allocation of operating charges. 
Likewise, flow divisions within a large sewage plant can be sum- 
marized for control purposes. 

Means can also be provided to give the difference in readings 
for two meters, or the difference of the combined rates of flow 
in groups of meters. 


Special Metering Instruments 


The marked trend in recent years of centralized control in 
water purification and sewage treatment has been accompanied by 
a fulfilled demand for the broader performance of main pipe- 
line meters. Distant transmission by air or electricity to cen- 


tralized panels and control tables, the ratio of one flow to another, 
the summation of flows to one or more central dials, the automatic 
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Fig. 16—Diagrammatic Arrangement of Flow Swmmation Instru- 
ments for Cermak Station, Chicago 


controls of flows and distant pumps to maintain perdetermined 
levels or rates, the proportioning of chemical dosages to main 
flows and other functions, are examples of modern metering 
requirements. The design and finish of the instruments them- 
selves have been “modernized” to harmonize with the present 
architectural attractiveness of plant interiors. Effective illumina- 
tion has been likewise provided for single- and double-faced 
master indicating gauges, frequently of large diameter. 


A flow and ratio gauge for each unit in a modern activiated 


Installation Requirements 


To insure the proper application of metering equipment, specific 
data should always be obtained from the meter manufacturer for 
a particular installation. However, in general, certain standard 
requirements are noteworthy. 

The Venturi tube should preferably be preceded by a straight 
length of pipe having the same diameter as the tube; this length 
being at least six times the tube diameter up to 24 in. and at 
least 12 ft. for larger sizes. Where space is limited, or there is 
the probability of turbulent or spiral flow ahead of the tube, 
straightening vanes may be required. Any kind of fitting may 
be placed at the outlet end of the tube. Since the centrifugal 
pump is almost universally used in water works and sewerage 
systems, pulsations in flow are rarely encountered. However, 
such condition may occasionally be presented and must receive 
special consideration. It is essential in making pressure pipe 
connections that they be run on a continuous grade, avoiding 
summits or depressions where air or silt may collect. 

The Parshall flume must be set at the proper elevation with 
respect to the channel, preferably so that it can operate at all 
times under “free flow” conditions, with a limit of 95% sub- 
mergence. It should be located in a reasonably straight section 
of channel, where the distribution of flow is fairly uniform. 
The flume, however, will operate satisfactorily under rather poor 
approach conditions. The dimensions and proportions of the 
flume must adhere to the established standards. 

In installing the Kennison nozzle, care must be taken to pro- 
vide proper approach conditions. This device should be preceded 
by a section of pipe at least eight diameters in length, and the 
water or sewage must flow smoothly from the nozzle under free 
discharge. Any conditions of installation which might cause a 
“shooting velocity” at times, should be corrected by the use of 
proper fittings upstream. 

Orifice plates are more sensitive to approach conditions than 
Venturi tubes, and require a straight length of smooth pipe both 
upstream and downstream from the plate. For the upstream, 
the length required may vary from five to thirty diameters, 
while for the downstream length—up to eight diameters, depend- 
ing upon the piping layout and the diameter ratio. Straighten- 
ing vanes may be required to eliminate swirls, cross currents and 
eddies ; their use may make it possible to shorten the necessary 
lengths of pipe as just mentioned. 


Conclusion 


Certain fundamentals of main line metering and some of ‘the 
modern developments in metering equipment have been briefly 
discussed. Emphasis is placed upon the importance of regarding 

















Fig. 17—Special Flow and Ratio Gauge for Modern Activated Sludge Plant, 
Baltimore, Md. 


sludge plant is illustrated, Fig. 17. There are five dials, the 
three largest showing (left to right) rates of air flow, sewage 
flow and return sludge flow to an aeration tank. The two 
smaller dials show (left) the ratio of air to sewage—in cu. ft. 
per gal., and (right) the ratio of return sludge to sewage—in 
per cent of sewage flow. In addition, there is an automatic 
control knob for pre-setting the latter ratio for any desired 
value. A pair of these five-dial gauges are mounted on one 
control table similar to those used in water filter plants. 


each meter installation as an engineering problem, which requires 
the consideration and advice of experienced manufacturers. Low 
cost equipment may properly serve for relatively unimportant 
work, but is entirely unsuitable for checking the daily perform- 
ance of main units and for controlling the efficiency of treatment 
processes. In general, the highest grade of equipment as offered 
by prominent manufacturers cost only a small fraction of the 
total construction contract on important projects. Obiviously, 
the best is the wisest selection. 
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SIMPLEX VALVE & METER COMPANY 


6743 UPLAND ST., PHILADELPHIA, PA. 






Water Works and Sewage Plant Equipment 


























































iiictase Water Works and Sewage Plant 
equipment is designed and constructed to comply with 
the specific requirements of each installation. Simplex 
control and metering equipment has earned an enviable 
reputation because of its simplicity of design, accu- 
racy, dependability and low cost of maintenance. 


Your selection of Simplex equipment will assure you 
of obtaining control and metering devices of depend- 
able and proven design, capable of providing the type 
of service necessary for maintaining proper and eco- 
nomical functioning of your plant. 


SIMPLEX EQUIPMENT FOR WATER AND SEWAGE 
TREATMENT PLANTS: 


Air Release Valves Venturi Type Meters for 
All Services 

Orifice Type Flow Meters 

Pump Casing Tap Meters 


Air and Vacuum Valves 


Flow Controllers for— 


Effluent 
Raw Water Flow Recorders 
bel nga Flow Indicators 
— ’ ; Flow Totalizers 
Sludge Indicating, Recording and 
Indicating and Recording — Meters for 
Gauges for—Rate of Flow hile 
Loss of Head Ga 
: s 
Sand Expansion Water 
Air-Differential Meters for Sewage 
Water Sludge 
Sewage Pitot Rods and Manometers 


Sludge 


Corrosive Liquors Simplex Egg-Shaped and Impact 


Flume Meters 
Simplex Parshall Flume and Weir 
Proportional Control and Meters of the Indicating, Record- 
Solution Feed Devices ing, and Totalizing Types. 


Water Waste Survey Equipment 


REPRESENTATIVES IN THE FOLLOWING CITIES 


Atlanta, Georgia Detroit, Michigan Omaha, Nebraska 
Baltimore, Maryland El Paso, Texas Pittsburgh, Penna. 
Boston, Mass. Kansas City, Mo. Rochester, N. Y. 
Charlotte, N. Carolina Los Angeles, Calif. San Francisco, Calif. 
Chicago, Illinois Louisville, Kentucky Salt Lake City, Utah 
Cleveland, Ohio Milwaukee, Wisconsin Seattle, Washington 
Dallas, Texas New Orleans, La. Tulsa, Okla. 
Denver, Colorado New York City, N. Y. oc 
FOREIGN 
Bogota, Colombia Havana, Cuba Malay States, Singapore 
Buenos Aires, Argentina Honolulu, Hawaii San Juan, Puerto Rico 
Caracas, Venezuela Madero, Mexico Toronto, Ontario, Can. 




















SIMPLEX DISPLAY GAUGES 


The Simplex “GWA” display gauge 
can be furnished from 12” to 36” in 
diameter and can be actuated directly 
from the primary device or by electri- 
cal means from a meter gauge or con- 
trol unit. Used when remote indica- 
tions of level, rates of flow, or other 
indications must be visible at long dis- 
tances, the “GWA” gauge is specifi- 
cally designed to harmonize in appear- 
ance with the gallery architecture. 





SIMPLEX 
VENTURI TYPE METERS 


The Simplex Type “MS” meter is of 
the mercury float, mechanically oper- 
ated type. The direct application of 
differential pressures upon the float unit 
moves this in direct proportion to the 
flow rate providing uniform gradua- 
tions and direct reading of indicator, 
chart, and totalizer. Available as an in- 
dicator, recorder and totalizer or as any 
combination of these functions, the MS 
meter can be furnished for wall or 
panel mounting, high or low head serv- 
ice, and with either segmental indicator 
or separate indicator as shown. Sim- 
plex “MS” meters are capable of meas- 
uring all flows over ranges of from 
6% to 1 to 20 to 1, within an error of 
+2%. They can also be furnished for 
water float operation in conjunction 
with weirs and flumes. 














SIMPLEX VALVE & METER COMPANY 


PHILADELPHIA, PA. 





—_ 


“GWA” WASH RATE AND 
WASH TANK ELEVATION 
GAUGE 


TYPE “MS” FILTER 
SUMMATION METER 





SIMPLEX FILTER GAUGES 


Simplex Filter Gauges can be furnished 
singly or in any combination to indicate 
and/or record filter loss of head, rate of 
flow and sand expansion. The actuating 
element for the rate of flow and loss of 
head gauge consists of the self contained 
shaped mercury float unit, whose move- 
ment, due to the application of differen- 
tial pressures, is transmitted to the indi- 
cating or recording units by means of 
non-corrodible monel metal linkages. The 
gauge heads can be designed for either 
floor stand or table mountings as desired 
and indicate and record on uniformly 
graduated direct reading dials and charts. 
The Simplex Sand Expansion Indicator 
provides a definite means of establishing 
and maintaining optimum efficiencies dur- 
ing the washing period. Simple in de- 
sign and ruggedly constructed, its use, in 
over fifty plants, has resulted in the re- 
duction of wash water consumed and in 
the elimination of sand cracks and mud 
balls. Increases in filter runs by as much 
as fifty percent have been obtained 
after its use as a means of obtaining 
maximum washing efficiency. 


“GWA” TOTAL FLOW 
INDICATOR 


“GE” COMBINED INDICATING RATE AND 
SAND EXPANSION AND RECORDING RATE 
AND LOSS GAUGE 


















































OPERATING CYLINDERS | 
RATE AND LOSS GAUGE 


“MO” METER 
RAW WATER 





“MO” METER 
WASH WATER 


THE SIMPLEX 
“MO” METER 





The Simplex “MO” Meter is perhaps the , 


most widely used Venturi Type Meter 
now made. Actuated by the well-known 
Simplex Bell Shaped Float, this instru- 
ment provides a means of obtaining ac 
curate measurement of fluid flows over 
remarkably wide ranges. Operating on a 
relatively small differential head, the 
“MO” Meter, with its Venturi, produces 
at maximum flow an unrecoverable head 
loss of less than 1.5’ of water. 


Available in the indicating, recording and 
totalizing form, Simplex Meters can be 
operated by means of either direct appli- 
cation of the Venturi head or by the Sim- 
plex Air Differential Principle. It can 
also be arranged for remote transmis- 
sion of flow readings by the use of self- 
synchronous motors if desired. Respon- 
sive to differential heads of as little as 
lg” of water, the Simplex “MO” Meter 
provides at low cost a responsible guard- 
ian of your flow records. 






















































TYPE “Ss” 
WASH WATER 
CONTROLLER 






TYPE “S” EFFLUENT CONTROLLER 
WITH CLEAR WELL SHUTOFF —_ 











SIMPLEX 
RATE 
CONTROLLER 





Simplex Type “S” Rate of Flow Con- 
trollers are of the balanced-valve type. 
Embodying in its design many unique 
features resulting in an accuracy of con- 
trol within +3% over a 5 to 1 range and 
of an unrecoverable head loss at » the 
normal rate of less than 6” of water, the 
Simplex “A” Controller is available for 
gravity or pressure filter effluent or wash 
water service in sizes of from 3” to 24”. 
Its simplicity of design and its arrange- 
ment of working parts make the “A” 
Controller readily adaptable for, clear 
well, filter, table or master control. The 
“A” Controller is also available for..ver- 
tical installation, providing a means of 
reducing in many instances initial plant 
construction costs by effecting saving in 
piping and excavation. The direct-act- 
ing features of the Simplex Controller in- 
sure its operation at all times. without 
the necessity of providing an outside 
source of power, thus resulting in lower 
first cost and in less maintenance and 
operating difficulties. 
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PROPELLER-TYPE METERS 





For Main-Line Metering 


JAMES M. MONTGOMERY, Consulting Engineer* 


Los 


T HE principle of the current meter has been used as a primary 
metering element for the measurement of stream flows for 
over thirty years. During the past fifteen years this same cur- 
rent meter principle has been applied as a primary element for 
the measurement of main-line flows by R. W. Sparling, of Los 
Angeles, and has proven itself well suited for this purpose. 


The Propeller-Meter 


The propeller-type meter, as illustrated in Figure I, is made 
up of a six-bladed propeller approximately eight-tenths of the 
pipe diameter mounted transversely in the center of the pipe. The 
propeller is made of a plastic material, having a specific gravity 
of approximately one, and is suitable for use in either cold water 
or hot water up to 300° F. The propeller practically displaces its 
own weight in water and is mounted on ball bearings which allow 
it to rotate freely in the stream of water. 


Calibration 


Experiments and experience have shown that a propeller will 
rotate in direct proportion to the velocity of water in a pipe at 
all flows above an approximate pipe velocity of one-half linear 
foot per second. The index, or the number of cubic feet passing 
through the pipe for each turn of the meter shaft, is determined 
from volumetric tests. From this index proper gears are fur- 
nished for direct totalization of the flow. 


Characteristics 


The current metering principle has certain characteristics that 
make it particularly well adapted for main-line measurement, 
as the action of the propeller is solely dependent upon the velocity 
of flow in the line. The pressure requirement is only such as to 
always maintain a full pipe of water. The loss of pressure caused 
by the metering element in sizes 6” and larger does not exceed 
six (6) inches of water at normal maximum pipe velocity. 

Continued accuracy of the current type meter is dependent 
chiefly upon maintaining a clean metering section and a propeller 
free from incrustation. The plastic propeller has proven itself 
well suited for this purpose as it is practically inert and will re- 
sist both corrosion and electrolytic action. In order to maintain 
a uniform meter section the propeller assembly may be mounted 
in either a cast-iron or steel tube having a bronze liner. 


Installation 


The metering element may be installed directly on existing pipe 
lines by means of a saddle either bolted or welded directly on the 
main. In such installations it is important that the inside diam- 
eter of the pipe be accurately determined. 
In all installations the meterhead may be 
removed from the pipe line very quickly and 
easily and it is normally good practice in 
sizes 12” and smaller to make a yearly in- 
spection and sizes 16” and larger, every 


Angeles, Calif. 


One pipe diameter downstream is normally sufficient for all in- 
stallations. Unless approximately ten pipe diameters are avail- 
able ahead of the meter, it is always good practice to use the 
straightening vanes. When the metering element is installed 
complete, with either a flange or beil and spigot tube, the three 
vanes mounted directly inside this metering section constitutes 
a complete unit ready for installation. 

The metering element can be installed in either a vertical or 
horizontal pipe line and is suitable for mounting on either the 
suction or discharge side of a centrifugal pump. 


Compound Design 


Figure II is a sectional illustration of a compound meter suit- 
ab‘e for use where an extremely wide range of flow measure- 
ment is required. A range of 150 to 1 is possible. A compound 
unit consists chiefly of two propeller-type meters working in series 





Fig. I—Cutaway View of Propeller Meter 


Note 
tube, 


the flow straightening vanes in the 
the whole unit ready for insertion as 
a single piece in the main-line. 


through a pair of rachet clutches, allowing the meter revolving 
at the highest speed to drive the totalizing register. On the very 
low flows the large meter will under-register and thus allow the 
small meter to drive the totalizer. As the flows increase a pipe 
velocity is reached where the large meter has come into step 
and the small meter is operating at a high capacity. At this 
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five years. 

In selecting the proper location for the 
metering element it should be kept in mind 
that a normal flow of water, free from 
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either spiralling or jet action, is required j 
for accurate results. The spiralling effect 








that may be caused in a flow of water pass- 
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ing through a series of elbows, can be 
largely corrected by installing straightening 
vanes in the line preceding the meter. 

Various forms of such vanes are in use 
but a very simple and effective correction 
may be made by the installation of three 
vanes — each approximately one-third the 
pipe diameter and two and one-half pipe diameters long, set at 
120 degrees to each other in .:e pipe. These vanes will not elim- 
inate a disturbance caused by a partially open gate-valve, but are 
effective for double elbows or other standard fittings and with 
such vanes the meter element may be installed with but two pipe 
diameters of straight approach. 

*President, J. M. 


Montgomery & Co., Engineer. 


Fig. II—Section Through Propeller-Type Compound Meter 


on low flows to cause entire flow to pass through 








o& 


Note valve which closes 
small meter. 


point the pressure loss caused by the small meter operating on 
the differential area of the compounding valve forces the valve 
to lift itself and allow the higher flow to by-pass the small 
meter. 

Although the minimum flow is considerably above that of the 
standard domestic compound meter it is well adapted for main- 
line measurement as the pressure loss caused by the entire unit 
does not normally exceed two pounds at maximum flow. 











Indicating and Recording Elements 


A rate-of-flow indicating and recording instrument may be used 
in conjunction with the straight totalizing primary element. The 
primary step of a current type meter is direct totalization. If 
the rate-of-flow indication is desired it must be obtained through 
a secondary step normally involving either a governor bowl or 
a friction plate revolving at a constant speed with a follower 
locating itself on the plate by impulses from the primary element. 

Figure III illustrates the recording instrument involving a gov- 
ernor bowl which is driven either mechanically up to 15 feet from 
the metering element, or electrically to any distance required. The 
governor bowl consists chiefly of a float riding in the center of a 
mercury well. As the governor revolves, the mercury, through 
centrifugal force, finds its way through a small needle-valve to 
the outer chamber of the bowl, allowing the float in the center 
to have a rising and falling action in proporticn to the revolving 





Fig. II1I—Typical Sparling Indicator-Re- 
corder of the Mercury Governor Type. 


speed of the bowl. This type of governor is effective over ap- 
proximately a 6-to-1 range and is extremely simple and well 
suited for normal pump like measurement. 

A recording instrument utilizing the revolving friction plate, 
with a follower locating itself by impulses from the metering ele- 
ment, as mentioned above, produces a straight line of rate indi- 
cation over approximately 25-to-1 range and is well suited for 
recording flows of main distribution or consumption lines. 

Recorders can be adapted to show the combined flows of two 
or more pipe lines and combinations may be furnished showing 
the net total of several lines where the flow of any one pipe may 
be in either forward or reverse direction. 


Application in Chemical Feed Control 


Automatic control of chemical feeders by either mechanical or 
electrical means is readily obtainable from a current meter ele- 
ment as the shaft of the meter is revolving in direct proportion 
to the flow and considerable load may be applied without affecting 
the rotating speed of the propeller. 

If given the periodic inspection required by any primary meter- 
ing element, the characteristic of low pressure loss and accuracy 
over a wide range of flow allows the principle of the current 
meter to fill an important part in the waterworks field. 

The propeller-type meter is not suitable for measuring raw 
sewage and is not generally recommended for measurement of 
a sewage effluent unless it has passed through a filter bed. Care 
must also be taken when installing such meters on raw water 
gravity lines that screens are provided at the inlet structure to 
prevent excessive algae or weeds from passing down the pipe and 
stalling the meter propeller. 








R. W. SPARLING 


Manufacturers of 


MAIN -LINE WATER MEASURING EQUIPMENT 





! 
LOS ANGELES CHICAGO CINCINNATI NEW YORK 
Box 3277 3104 S. Michigan 622 Broadway 101 Park Avenue 
Terminal Annex Avenue 





The “Direct Action’? Meter 





Every Sparling Main-Line Meter is a complete Totalizing unit, 
operated by the action of water flowing through a propeller, such 
as is shown in the cutaway view above. Shafts and gears carry the 
revolutions directly to the register. All Sparling Meters are triple- 
tested for accuracy within 2 per cent before shipment. Flanged or 
bell and spigot tube meters are available from 2” to 36”; threaded 
tubes, 2” to 6”. Saddle type meters are sometimes preferred for 
mounting on lines already in service. 


If Totalization is all you need, that is all you pay for. Indicating 
and recording instruments can be added if, as and when desired. 


1-Day, 7-Day, 60-Day Records 





The recorder shown above is remote controlled by electrical impulses 
from the meterhead. It combines a second totalizer, indication of 
flow-rate in two equivalent rates, and complete record of deliveries 
for periods up to 60 days . .. with past 15 hours on view. 


Another type of Totalizer-Indicator-Recorder operates (within 15 
feet of the meterhead) independent of electric power. At greater 
distances by electric remote control. This type uses circular charts 
for 24-hour or 7-day records. Pedestal, wall and panel mountings 
are available. 


Auto-Metered Chemical Feeding 


Adjusting chemical feed to changing flows is simplified with 
Sparling Auto-Metered Controls. One type, often used with chlori- 
nators, is purely mechanical. Another relays electric impulses and 
this installation may include a Variator, so that by the twist of a 
knob, the proportion of chemicals fed to the flow may be increased 
or decreased over a 20 to 100 range. 


Sparling Compound Meters accurately register 
flows over a range as wide as 1 to 120. 


Bulletin No. 308 will 
be sent upon request. 
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When the flow of a fluid in a pipe line is altered by some 
obstruction such as a valve or fitting, the velocity is changed, 
turbulence is magnified and a drop in pressure results. This 
pressure drop may be insignificant in long lines where it is 
very small in comparison to the total drop, but when the line 
is short the pressure drop through valves and fittings becomes 
a major item in the total pressure drop value. 

The most widely used data on the subject of the resistance of 
valves and fittings to the flow of water and steam is the infor- 
mation given in Dean Foster’s paper on “Effect of Fittings on 
Flow of Fluids Through Pipe Lines” published in Vol. 42, 
1920, of the Transactions of the American Society of Mechan- 
ical Engineers. Recently, tests conducted by others have indi- 
cated that the values given by Foster are low for globe valves, 
angle valves, etc., and that data is needed to establish the cor- 
rect information to use. It has been the tendency, and probably 
is the most practical way, to present the friction values in terms 
of an equivalent length of the same size of pipe; i.e. the 
pressure drop caused by a 2-inch elbow is equivalent to approxi- 
mately the pressure drop caused by five or six feet of 2-inch 
pipe under the same conditions of flow. 

Realizing the need for definite data covering this subject, 
Crane Co. has recently conducted pressure drop tests on valves 
and fittings on both water and steam. These tests were made 
on 2 inch and 6 inch sizes and conducted under conditions 
which were thoroughly investigated previous to the tests. The 
results of these tests are presented herewith together with a 
description of the method used in conducting them. 

[Note-—Water and steam can be treated comparatively and 
a relation can be established between the relative friction values 
of water and steam. Foster has stated that the equivalent 
length of pipe for steam flow is about .8 of that established 
for the flow of water.] 


Friction Losses of Water Line Valves and Fittings 


The tests for determining the pressure drop of valves and 
fittings installed in a water line were made in the following 
manner : 

A flow nozzle was installed in a 3 in. test line leading from 
the bottom of a 1,000 gallon water tank. A mercury manometer 
was set across this nozzle and the relation of mercury deflection 
to the gallons of water per minute flowing through the pipe 
was determined. The flow through the pipe was thereafter 
noted only in terms of mercury deflection which was readily 
transposed into gallons per minute by reference to the cali- 
bration chart. 

The valve or fitting to be tested was placed in the line at 
some distance from the flow nozzle and the flow water through 
it was regulated by a throttling valve situated at the outlet of 
the line. The pressure drop was measured by means of a mer- 
cury manometer, or where the deflection was too great, by two 
sensitive low pressure gages, the leads of which were situated 
in the test line at a distance of ten pipe diameters (20 in.) 
from each end of the valve or fitting on test. The initial 
pressure at the inlet of the test line was kept constant at 80 
pounds per square inch and the various rates of flow produced 
by throttling the outlet of the test line. 

After the data was obtained the means of presenting it in its 
best form was investigated. In any pressure drop tabulation, 
the values for the fittings and valves in the line are added to 
the pressure drop of the entire length of line. Therefore, it 
seemed reasonable to disregard the pressure drop caused by 
the length of the vaive or fitting and just list the pressure drop 
which was added to the line due to the presence of the article. 

For instance, if a valve 4 in. face to face is installed in 
a line 30 in. long, the actual pressure drop through the valve 
will be the total pressure drop minus the pressure drop caused 
by 26 in. of pipe. However, in a practical problem this value 
will be added to the pressure drop caused by the total length 
of the line which will give a pressure drop value slightly 
higher than the actual. This may not be so noticeable with 
one or two valves or fittings in the line, but where the number 


RESISTANCE OF VALVES AND FITTINGS TO FLOW OF WATER 









runs up into 10 or 20 the added drop may be considerable. 

This “No-length” concept was established and has been used 
before with reference to elbows in “The Friction of Water 
in Pipes and Fittings” by F. E. Giesecke, University of Texas 
Bulletin No. 1759. 


Resistance in Terms of Equivalent Pipe Length 


From data given in the tests conducted by Crane Co. and 
also from information gathered from authentic sources, Fig, 
16, has been prepared which gives the equivalent length of pipe 
to produce the same pressure drop as a valve or fitting. This 
additional pipe length should be added to the length of the line 
in order to determine the total pressure drop. 

The equivalent length of pipe has been based upon the pres- 
sure drop values for the flow of water in pipes and upon the fol- 
lowing coefficients of 

H; = Loss of head in ft. 


Vv? 
H: = k——1{ k = Coefficient 
2g V = Vel. in ft. per sec. 
2g = 64.4 
Type Coefficient Authority 
Globe valves........ 10 Crane Tests 
Angle Valve........ 5 Crane Tests 
Return Bend....... 2.2 
Te nesndidhtieaes 1.8 Giesecke & Bladgett—Texas College 


Short Radius Elbow .9 
Med. Radius Elbow _ .75 
Long Radius Elbow _ .60 
Gate Valve (Open) = 

1.1 


Giesecke & Bladgett—Texas College 
& Crane tests 

Bulletin No. 2712—U. of Texas. 

Bulletin No. 252—U. of Wis. (Av.) 


, ae ee Bulletin No. 252—U. of Wis. (Av.) 

a © re 5.6 Bulletin No. 252—U. of Wis. (Av.) 

36 Closel....cecicc 24.0 Bulletin No. 252—-U. of Wis. (Av.) 
Borda Entrance..... .83 “Hydraulic” Daugherty (Average) 
Sudden Enlargement. 

d/D — &........ 92 “Hydraulics” Daugherty 

d/D — ¥........ 56 “Hydraulics” Daugherty 

d/D — %........ 19 “Hydraulics” Daugherty 
Ordinary Entrance... .5 “Hydraulics” Daugherty 
Sudden Contraction 

JO, a See 42 “Hydraulics” Daugherty 

G/D = Wi cceesss 33 “Hydraulics” Daugherty 

GD ae He cesses 19 “Hydraulics” Daugherty 
ie 42 Bulletin No. 2712U. of Texas 





*From Crane Co.’s “Engineering Data on Flow of Fluids in 
Pipes’”—Technical Bulletin No. 405—1935. Parts dealing with 
steam pressure losses have been omitted.—Ed. 





Vv 

AGE FACTORS? 
— —Age in Years————_—_— 
New 10 15 20 30 50 75 





Fire Protection Mains 


No Domestic Draft.......... 0.7 09 1.0 11 14 18 2.3 
Public and Fire Protection Mains 
with Domestic Draft 
Surface Water 
Slight Tuberculation ...... 07 09 10 14 24 28 23 
Moderate Tuberculation ... 0.7 1.2 1.7 21 29 3.5 3.9 
Severe Tuberculation ...... 07 16 24 31 45 52 55 
WEG WOON bcecimannaadeet’ O67 26 24 31 48: 52 55 





These age factors for cast-iron mains are adapted from the 
results of an investigation by a committee of the New England 
Water Works Association and reported in their Proceedings, Vol. 
XLIX, No. 3, September, 1935. 

*[In using chart on oposite page in conjunction with C.I. pipe, 
apply these age factors as directed in footnote. ] 















EXAMPLE: THE DOTTED LINE SHOWS THAT 
THE RESISTANCE OF A 6" STD.SHORT RADIUS 


ELBOW IS EQUIVALENT TO 6 FT.OF 6"STO, 


PIPE. 


Globe Valve, open ~ 
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FRICTION CHART FOR VALVES AND FITTINGS 
For Converting These Units Into Equivalent Added Length of Pipe* 
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NOTE: FOR SUDDEN ENLARGEMENTS 
OR CONTRACTIONS, USE THE SMALLER 
DIAMETER, d, ON THE PIPE SIZE SCALE, 


Inside Diameter, Inches. 


*Note: These equivalents, in terms of length of pipe to be added in computations, were derived for steel pipe in goood condition. 
In applying the chart to cast- -iron pipe divide the equivalent length of steel pipe by 1.64 times the most appropriate age factor 





found in the table of C.I. pipe values. See bottom of page opposite this. 














4301-7 South Spring St. 
ST. LOUIS, MO. 


POMONA PUMP CO. 


120 Broadway 
NEW YORK, N. Y. 




















































pumps, agitation 


multi-staging ; 
ities from 15 to 





Every Pomona pump is engineered for the specific duty for which it is 


intended. 


characteristics can possibly be included here. 


Therefore, only a general description of type, size and 


However, trained hy- 


draulic engineers are available at your nearby Pomona distributor to 
quickly furnish detailed information, proposals, etc., to meet your 
specific needs. Or write direct to the nearest main office listed above. 


POMONA 
DEEP WELL 
TURBINE PUMPS 


For primary water supply; 
for all industrial, municipal 
mining and agricultural pur- 
poses. Adaptable as boosters. 
for circulation, cooling, air 
conditioning, fire protection 
and other similar purposes. 


Open drive shaft construc- 
tion; cutless rubber bearings 
revolving in patented bronze 
bearing retainers; water lubri- 
cated, assuring delivery of 
water at the pump head as 
clean and uncontaminated as 
at the bottom of the well; 
semi-open impellers, adjust- 
able for capacity from the top 
of the pump; fully accessible 
above-ground packing gland; 
bowls of Pomoloy high tensile 
strength cast iron; special 
column pipe and _ couplings 
made to precision specifica- 
tions to assure correct align- 
ment of pump shaft. 


Sizes from 4 to 24 in. or 
larger; from single stage to 
multi-staging; from 1% to 
1000 hp.; capacities from 15 
to 10,000 g.p.m.; for lifts 
against pressures up to 800 
p.s.i; for temperatures to 


180° F. 


(Right) Adaptable for condenser pumping, POMONA INDUSTRIAL PUMPS 


booster pumps, transfer pumps, circulation 


vat and sump 


POMONA NIAGARA PUMPS 


(Right) Adaptable for condenser circula- 
tion and cooling, for transferring large 
volumes of liquids quickly, for washing 
and flushing processes (hot or cold), for 
agitating liquids and semi-liquids in process 
vats, for dry docks (main and trimming 
pumps), for pumping out caissons, for 
check and coffer dams, for storm water 
drainage, for treated sewage, for handling 
raw water from lakes and rivers into 
treating plants, for irrigation, flood con- 
trol service or storm water drainage. 


Open drive shaft construction (cold rolled 
Monel, stainless, chrome plated, Herculoy. 
Yoloy, and special analysis steels) ; cutless 
rubber, Duprene or special bearings; self- 
lubricated by fluid being pumped; semi- 
open impellers, adjustable capacity; bowls 
of Pomoloy iron, alloy iron, brass, the 
alloy bronzes, or other special materials; 
fabricated column and directed flow type 
elbow from mild steel, Corten low alloy 
or other special corrosion resisting plate. 


Definitely advantageous for large gallonage 
low lift operations; compact; no priming 
requirement. Available in two types— 
Niagara propeller for relatively low heads 
and Niagara mixflow for lifts up to 90 ft. 
Niagara propeller has same characteristics 
as ship propeller and operates in bowl as- 
sembly with suitable guide vanes. Mix- 
flow bowl assembly has impeller possessing 
both axial flow and centrifugal compo- 
nent. Capacities range from 1,000 to 100,000 
g.p.m.; for fluid temperatures to 180° F. 
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POMONA, CALIF. 








IMPORTANT 


pumps, vacuum lift pressure pumps, vaco- 
process sinking pumps, caisson dewatering 
pumps, dredge transfer pumps, air condi- 
tioning pumps, wash water pumps for wash- 
ing filters, water works and sewage treat- 
ment pumps, waste disposal plant pumps 
fire protection pumps, etc. 


Open drive shaft construction (cold rolled 
Monel, stainless, chrome plated, Herculoy. 
Yoloy, and special analysis steels); cutless 
rubber, Duprene or special bearings; self- 
lubricated by the fluid being pumped; semi- 
open impellers, adjustable capacity ; bowls of 
Pomoloy iron, alloy 
bronzes, or other special materials. 


Sizes from 4 to 24 in.; from single stage to 
from 1% to 1000 hp.; capac- 
10,000 g.p.m.; for lifts 
against pressures up to 800 p.s.i; for fluid 
temperatures to 180 


iron, brass, the alloy 


F, 





In Pomona Pumps ALL bearings be- 
low the motor head are completely 
lubricated by the water being 
pumped. There are no oil or grease 
chambers in the water stream to re- 
quire frequent packing ... no grease 
ducts or tubes to maintain . .. in fact, 
no bearings anywhere in the water 
stream that require any type of lubri- 
cant whatever, except the water 
itself. Thus, water pumped by a Po- 
mona is—and always will be—as clean 
and uncontaminated as at the source 
+++ an important feature that makes 
these pumps doubly valuable for all 
municipal water supply applications. 

Our engineering staff has had 
broad experience in all types of 
pumping applications. It will be glad 
to study your particular requirements 
and offer helpful suggestions. 
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Pomona Pump distribution is nation-wide, with distributors 
in all principal gities of the United States and in major for- 


Write direct for the location of the dis- 


tributor nearest you. He will be glad to supply detailed 
information on Pomona Pumps and their outstanding ad- 
vantages for various water and sewage plant applications. 

















THE ORIGINAL 


POMONA PUMP CO. 





TURBINE PUMP 


WITH PATENTED RENEWABLE LINERS 





Single Stage Heavy Duty Model for 
General Industrial Work 





Water Cooled Stuffing Box, Single 
Stage Model 





Boiler Feed System 


Westco turbine pumps utilize the same basic principle 
as that employed in the steam turbine. Liquid entering 
the pump is picked up by a multi-vaned impeller and 
carried to the discharge outlet, with each vane imparting 
additional pressure. Thus multi-stage performance is 
achieved with a single-stage pump. 


Compactly designed and sturdily built, Westco turbine 
pumps are adaptable for a wide range of industrial uses. 
Equipped with paterited renewable liners, casings are 
protected against internal wear. Liners consist of two 
solid inner rings, precision machined to form the liquid 
channel, and may be quickly and easily replaced without 
disturbing suction or discharge connections. Double suc- 
tion inlets provide perfect hydraulic balance, thus elimi- 
nating end thrust. Radial load supported by two ball 
bearing assemblies. 


Westco turbine type pumps are capable of delivering 
viscosities up to 600 s.s.u. and temperatures to 650° F. 


Condensation Return Unit 


Tendency to vapor lock is minimized by multi-vaned im- 
peller. Capacities range up to 250 g.p.m., with heads up 
to 350 feet, single stage, at 1750 r.p.m. Available in both 
flexible couplings and Uni-bilt styles. 


Westco side suction centrifugal type pumps are also 
available both in the Uni-bilt and flexible coupling styles. 


Condensation application range in pressure from 20 
to 200 p.s.i. and capacities to 150 g.p.m. 


Boiler Feed units cover boiler h.p. ratings from 5 to 
750 h.p. and pressures to 200 p.s.i. 


Water systems range from % h.p., delivering 360 g.p.h., 
to 3 h.p., delivering 3000 g.p.h. 


Cellar drainers are submerged centrifugal volute type, 
equipped with % and 1/3 h.p. motors, operating against 
a discharge head of from 6 to 26 feet and with capacities 
of from 480 g.p.h. to 3,450 g.p.h. 





located in all principal cities 
Write direct for the location 
He will be glad to supply 


Westco distributors are 
throughout the United States. 
of the distributor nearest you. 





detailed information on Pomona Pumps and their application 
to various water and sewage plant operations. 


































BARRETT, HAENTJENS & CO. 


Hazleton 
PENNSYLVANIA 





Hazleton Type ““M” Check Valve with Built-in Mercoid Motor Shut-off Switch for Automatic 
Pump Protection 


PROTECTS PUMP 
FROM DAMAGE 
DUE TO LOSS OF WATER 


PREVENTS OPERATION 
OF PUMP UNTIL 
PROPERLY PRIMED 





The purpose of the flow switch is to insure pump against damage in the 
event that the pump loses its water during operation. The mercoid switch 
is actuated by the valve flap. Normally the switch is open when the flap 
is down. When the pump delivers water, the flow through the valve 
raises the flap and closes the switch. The mercoid switch is connected into 
the no-voltage coil of the motor starter. 


When using a hand starter, the pump can be started up by hand, whether 
delivering water or not, but when the hand is removed from the starting 
lever, the pump will immediately stop unless the pump is delivering water 
and the mercoid switch of the check valve closed. With an automatic 
starter the “start” push button must be held in until the pump delivers 
water and closes the check valve switch. 


Let us quote on your requirements 





CENTRIFUGAL PUMPS” 


Some Notes on Selection of the Proper Pump 
and 
A Simple Method of Checking Pump Efficiencies 


By H. E. BECKWITH, Engineer 


The Pitometer Company 
New York, N. Y. 


field steam driven displacement type pumps were in general 

use. But, today we find the. great majority of pumping sta- 
tions equipped with electrically driven centrifugal pumps, with an 
occasional Diesel driven or turbine driven centrifugal installation. 
The old slow moving reciprocating pump of yesterday could 
always be depended upon to take care of changing pumping loads 
and varying heads without any great loss in efficiency. But, this is 
decidedly not so with the modern centrifugal pump, designed to 
work under rather fixed conditions. Any appreciable variation 
from these conditions is accompanied by a falling off in efficiency, 
which may be rather marked. 

Unfortunately, the non-technical water works operator who 
got his early practical experience with the old displacement type 
of pump has not always become sufficiently acquainted with the 
characteristics of the centrifugal pump. Only too often the only 
demand made on a centrifugal pump is that it pump water, and 
little or no attention is paid to the efficiency with which it does 
its work. In fact the average water works man is usually not 
acquainted with any simple method of determining this efficiency. 

It is, therefore, the purpose of this article to point out the con- 
ditions which may be expected to cause low operating efficiency, 
and to outline a simple method for testing the wire-to-water effi- 
ciency which gives results as close as is necessary in practical 
water works operation. ; 


Basic Principles of the Centrifugal 


As a youngster I used to tie a chestnut on the end of a string 
and whirl it around my head until I had imparted to it the force 
necessary to take it flying through the air at high speed. You 
did it, too. The principle of building up velocity of that chestnut 
by whirling it about the head is the same principle which is used 
in the design of a centrifugal pump. The water which enters the 
pump through the suction inlet is seized by the rotating vanes of 
the impeller and spun until it is rotating at terrific velocity. Since 
pressure and not velocity is desired, the pump is so designed that 
by gradually slowing down this velocity 


G “etd twenty years ago when I first entered the water works 


is always one head under which a pump will operate most effi- 
ciently. Right here it will not hurt to repeat that any material 
deviation from this condition will result in decreased efficiency. 


Pump Performance Curves 


At this point I want to introduce a typical centrifugal pump 
curve which we will use for illustration during this discussion. 
Similar curves are available from the manufacturer for all 
medium sized and large pumps. On small pumps it is not customary 
to furnish such performance curves. 

It will be noted from an inspection of the specimen curve that 
the greatest efficiency for this particular pump (about 75%) is 
secured when the head is about 155 ft. and the discharge rate is 
about 1,300 G.P.M. You will also note that as the head is mate- 
rially increased or decreased from the optimum head there is a 
large change in the pumping rate and a considerable drop in effi- 
ciency. A great deal has been done in design effort to widen 
out the “peak” of the efficiency curve into a “plateau” so as to 
give high efficiencies for centrifugal pumps under a wider range 
of operating conditions. Considerable progress has been made in 
this direction. 


Friction Head—Its Importance 


Let us see what happens when we forget to include pipe fric- 
tion loss when figuring the total head against which the pump 
must operate. If we have figured on the pump whose curve we 
have, and if we are pumping through two miles of 16” main, the 
friction loss will add about 18 ft. to the pumping head—making 
it 173 ft. At this head (see curves) the pumping rate will drop 
to 1,000 G.P.M. and the efficiency to 70%. Furthermore, the pump 
is operating on a very critical part of the curve where a slight 
increase in pumping head—caused by tuberculation in the main 
or by any other reason—would incur a precipitate drop in both 
the efficiency and the pumping rate. It also illustrates what can 
happen to a pump, after installation, when the pumping head 
has been increased above the head for which it was designed. As 


Brake Horse Power 





in the casing of the pump, the energy w 
stored up in this rapidly moving water uw 2 
is almost entirely changed to pressure. . 
The speed of the chestnut rests upon two - = 
factors—the length of the string and the 3 3 
number of revolutions made within a 2 + 
specified period of time. The speed, and 

hence the resulting pressure, imparted 200 80 
to water by a centrifugal pump also rests 

upon the same two factors—the diameter 175 70 
of the impeller and the number of revo- 

lutions per minute which the impeller 160 60 
makes. 

There are, of course, practical limits to — 
both the speed and the diameter so that an: ies 
it is not always possible to secure the 
full desired pressure with one pump. If 8 a 
not, the water is passed through two or 
more pumps in series, and each pump go 20 
raises the pressure part of the total de- 
sired amount. Sometimes these two or 25 10 
more pumps are built in one pump case, 
in which instance each pump is called a oo 
“stage” Since electrically driven centri- ° 200 


fugal pumps operate at fixed speeds, there 





* Excerpts from a paper presented before 
the Penna. Water Operators Association and 
an earlier article by Mr. Beckwith in pre- 
bs og Reference & Data Issues of this maga- 
zine. 
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An Example of Typical Performance Curves for Centrifugal Pumps. 
Various designs show individual characteristics in respect to the curves produced. 
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it is the nature of unlined iron and steel mains to tuberculate, 
resulting in a constantly rising friction loss, this is an important 
consideration. 


Let us illustrate this in another way. 


Selecting the Right Pump 


Suppose that we are in the market for a 1,000 G.P.M. pump 
operating against a total head of 173 ft., and a pump whose curve 
we have been using has been submitted for consideration. I would 
not consider this pump a good “buy” to operate under these condi- 
tions. In the first place it will be noted that the efficiency of 70% 
is much below the maximum efficiency of 75%. But even more 
important, perhaps, is the fact that the pump at 173 ft. head is 
operating under “critical head” conditions. An increase of only 
about 8 ft. (less than 5%) in the pumping head would bring the 
head to the maximum which the pump can create—in other words 
to the “cut off” point. This means that an increase in the head 
of only 8 ft. (about 3% pounds) would decrease the pumping 
rate from 1,000 G.P.M. to zero G.P.M. Moreover an increase of 
only 3 ft. in head would cause a drop of 200 G.P.M. in the pump- 
ing rate. On the other hand, when we are working in the most 
efficient range of the pump a change of 3 ft. in the head would 
only cause a variation of 30 to 40 G.P.M. in the pumping rate; 
and, the efficiency is practically unaffected. 


It follows, therefore, that one should buy a pump within the 
range where the efficiency curve is as flat as possible and the head 
curve is as steep as possible. In this connection a word of warn- 
ing may not be amiss. By making the vertical scale of the curve 
less than is customary. a much flatter appearing efficiency curve 
can be secured. So in comparing the performance curves of pumps 
be sure that they are plotted on comparable scales. I have known 
curves with reduced vertical scales to be submitted where I felt 
sure that the scale was deliberately reduced for the purpose of 
deception. 


Mistaken Economy 


Only too often in the revamping of a plant, efforts are made 
to re-use as much of the old equipment as possible. It may be 
assumed that if the old pump will handle 1,300 G.P.M. against 
155 ft. of head it should have less trouble pumping the same 
amount from the river to the settling basin against a head of only 
forty or fifty feet. This is so. In fact, if we will look at the 
curve we will find it will pump much more than 1,300 G.P.M. at 
the lower head. The curve does not go out that far, but it goes 
far enough to show what would happen—not only to the pump- 
ing rate but to the efficiency as well. The pumping rate goes up 
but the efficiency goes down—yes, way down. Reducing the head 
‘Yas a tendency to cause a pump to run away much as an auto- 
mobile would run away down hill when the going becomes easier 
if the throttle were not closed to compensate for the decreased 
demand for power. This running away of the pump sometimes 
overloads the motor so that it runs hot. To prevent this, operators 
raise the head artificially by partly closing a valve on the outlet 
side of the pump. This decreases the load on the motor and brings 
the pumping rate back to normal. But it burns up a great deal 
of power needlessly as the closed valve destroys part of the head 
generated by the pump and only part of the work actually per- 
formed is effective. I have known of installations, such as this, 
where the installation of a new pump saved more than enough 
power in one year to pay the entire cost of the new pump and 
motor and also completely depreciate the old unit replaced. 


But it is not always necessary to buy a new pump just because 
the head has been reduced. If we will get back to that chestnut 
on the string we will find that we can reduce the speed of the 
chestnut by reducing the length of the string, at the same time 
keeping the number of revolutions constant. In the same manner. 
we can cut down the pressure generated by a constant speed 
centrifugal pump by reducing the diameter of the runner. If the 
reduction in head is moderate, the manufacturer can advise you 
how much will have to be machined off the outside of the present 
impeller so that it will pump efficiently, or at a slight expense he 
will furnish a new impeller for the changed conditions. Or he may 
cut down your old impeller. 


It is sometimes possible to secure a larger impeller to efficiently 
handle increased heads, but in this case the motor is likely to 
be overloaded unless the original specification anticipated such 
change as loads increased. 


Another way to increase the speed of that chestnut would be 
to keep the length of the string constant and to increase the 
number of revolutions. It follows that if we increase the revolu- 
tions of any centrifugal pump we will increase the head which 





that pump will generate. This explains why a certain pump tested 
last fall gave a wire to water efficiency of only 40%. This pump 
was designed for use with a gasoline motor and to operate under 
the then existing head conditions at a speed of 1400 R.P.M. 
Eventually electric power became available and the pump was 
connected to an electric motor and the speed increased to 1,800 
R.P.M. This, of course, increased the head generated by the 
pump itself, and the efficiency was consequently very low. 


A somewhat similar condition was found several years ago 
when a 5 M.G.D. installation designed to work against a head of 
100 pounds was found to have been connected in series to a 5 
M.G.D. pump designed to pump against 50 pounds pressure. This 
gave an installation with a design head of 150 pounds, but the 
actual head was still only about 100 pounds. The output was 
thereby increased to approximately 6 M.G.D. but the efficiency 
decreased to the point where it was only slightly above 40%. New 
and properly designed equipment brought the wire-to-water effi- 
ciency up to about 75%. 


It can be readily seen from the above considerations that the 
chances of buying a suitable pump from the “junk man” are 
just about nil. It might be “as good as new” for the conditions 
for which it was designed and yet be absolutely worthless under 
any other conditions. In fact, it would probably be a most expen- 
sive liability. Yet pumps have been bought from the equivalent 
of “junk men”, but most frequently have been “salvaged” by the 
original purchaser for other duty than originally purchased for. 


So far, we have been discussing equipment which has been 
working under conditions which made it impossible to give a 
creditable showing. A mere inspection of the conditions and a 
knowledge of the design limitations would make it evident that 
satisfactory performance under these conditions could not be 
secured. However, there are occasions where, after installation, 
things happen to properly selected pumps which will cut the 
efficiency of the equipment. There was, for instance, the time 





Table I—Gallons of Water Delivered per Kilowatt Hour Against 
Various Heads on Theoretical Assumption That Pump 
and Motor Are 100 Per Cent Efficient 


H = head in feet. G = gallons per kilowatt hour 
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found a water snake wrapped around the shaft with the 
ee ant the inlet ports were partially cut off and the suction 
lift increased way beyond the 15 feet maximum for best per- 
formance. In another and similar situation blocks of wood were 
found jammed in the ports. Then there was the time that low 
efficiency was caused by the blowing of the gasket of a multiple 
stage pump and the water was short circuiting back from a higher 
stage to a lower stage. One of our engineers once reported that 
an efficiency of 20% was caused by the impeller slipping on the 
shaft. 
Two interesting conditions have been found by the author which 
have no reference to the actual efficiency of the pumps but which 
were determined as th result of making efficiency tests. In one 
instance, where the meter through which power was purchascd 
was used to measure the power input, it was found that an appar- 
ent low efficiency was caused by this meter being set 20% high. 
In another instance, a pump was discharging into a closed distri- 
bution system. On the basis of the water actually discharged into 
the system (24-hour period) the pump had an efficiency of only 
8%. Had a standpipe or reservoir been floating on this system, 
the same amount of water could have been pumped with about 
one-eighth the amount of power which was actually used. 


So much for the reasons why efficiency tests should be made 
at intervals. 


A Simple Efficiency Test 


The writer has worked out a simple method for making eff- 
ciency tests which he has been using with satisfactory results for 
some years. 

At one foot of head and 100% efficiency of both pump and motor 
it is theoretically possible to raise 318,200 gallons of water one 
foot with one KW.H. To determine this theoretical value for 
any other head, simply divide 318,200 by the head involved. For 


318,200 


159 


per KW.H. In this connection the accompanying “Table of Theo- 
retical Values for Various Heads” may prove helpful in reducing 
calculations in pump testing. It was prepared by the writer and 
has appeared in earlier Reference and Data Numbers of WATER 
Works AND SEWERAGE. 

To determine the wire-to-water efficiency of an installation it 
is only necessary to divide the actual pumpage per KWH by 
the theoretical value for the pumping head, as determined from 
the table. A rough check can be made by dividing the month’s 
pumpage in gallons by the KWH consumed. This gives the gallons 
actually pumped per KWH. 


instance, the value at 150 ft. would be = 2,002 gallons 


Test Procedure 


With the pump running, determine the total head in feet (includ- 
ing suction) against which the pump works. Divide 318,200 gallons 
by this total head (as above) to determine the theoretical 100% 
pumpage per KWH. (Or take the figure from Table 1.) Next 
divide the actual gallons per KWH by the theoretical gallons per 
KWH to secure the wire to water efficiency. 


To illustrate : 


Assume a monthly pumpage of 32,640,000 gallons and a monthly 
power consumption of 30,200 KWH. Say the total head noted 
was 220 ft. Dividing 32,640.000 by 30,200 gives an actual pump- 
age of 1,081 gallons per KWH. Dividing 318,200 by 220 ft. gives 
a theoretical value of a possible 1,447 gallons per KWH at 100% 
efficiency (see table). Then; 


1,081 (observed) 


1,477 (theoretical) 


wire to water efficiency. 


A more accurate method of making the tests is to measure the 
power input for an hour, or some other convenient period of time. 
During this period carefully check the output of the pump with 
any suitable main line meter. Keep a close record also of the 
discharge pressure and of the suction. The integrations on most 
electric meters in pumping stations cannot be read closely enough 
for short tests. However, the power company will furnish the 
number of watts consumed for each revolution of the disk, 
and by counting its revolutions for ten or twenty minutes the rate 
of power input can be closely ascertained. Or the power company 
can be asked to measure the power by means of special equipment. 
Where more than one pump is taking power through the master 
meter at the same time, the latter method is the only feasible one 
for testing each unit separately. 


= 74.7%. overall 





Securing Total Head 


The total head in feet must first be secured. If the pressure 
gauge reads in pounds, convert to feet by multiplying the pounds 
of pressure by 2.31 [feet of water head giving one pound gauge 
pressure]. The suction will probably be expressed in inches of 
mercury. Convert this to feet of water head by multiplying by 
1.13. Also measure the vertical distance between the center of the 
pressure gauge and the point of suction measurement. The total 
head then becomes the sum of the following: 











Dischasge pressure, in feet ................................. xxx 

Suction, in feet xx 

Vertical distance pressure gauge is above point of suction 
measurement, feet x 
Total Head in feet ” XXX 





Velocity head has been ignored, as it is a small factor for the 
relatively high heads which usually exist in water works opera- 
tion. 

If water is delivered to the pump under pressure, then the 
pump will be working against a head equal to the difference 
between the discharge pressure and the inlet pressure. 

From the data secured during the test, determine the gallons 
delivered per kilowatt hour. As before, divide this by the theo- 
retical value for the head against which the pump was operating. 
This gives the overall wire-to-water efficiency of the installation. 

As an example, let us assume an installation where we secured 
the following test data: 











I SI Bo sicicncssactevenseeraccstaingectetievneeninmcein 90.0 K.W. 
ee ee ee ae 51,840 gals. per hr. 
ae ae. EES ee ene ee 572 gals. 
Pressure _.......-. : 146 Ibs. = 337 ft. 
EER Sts. = 17 R. 
Difference in gauge elevation.. 4 ik = 16 
EE, ND - spensnsntaceincniadttacnctio vcipuilsctounickiasbibansedoap aida tala 355 ft. 
318,200 
Theoretical discharge at 335 ft. head (see table) is.(—————-) = 897 gals. 
and 355 
572 
Overall efficiency (wire-to-water) is...............::cc0::0-8 a = 64% 


If a suction gauge is not available, an approximation may be 
secured by measuring the vertical distance from the level of water 
in the clear well to the center of the pressure gauge, adding to 
this measured distance about two feet for loss in bends, etc. 


What the Tests Reveal 


Having shown the desirability of frequent tests and having 
presented a simple method for making them, it may now be inter- 
esting to discuss what these tests may be expected to show. In the 
first place, there have been great increases in the attainable effi- 
ciencies of centrifugal pumps within the past few years. Those of 
modern design may be expected to give up to the following overall 
(wire to water) efficiencies. 




















Capacity ' Efficiencies 
G.P.M. Percent 

ste caps occ ican gen daatsgs Sedan one ee 58 
| _  , Oe e eR  ter Se ime eae A ob. 63 
RCC een aE eT. Sere SRT Sn ee 68 
EEO Pete ete 7i 
7. eee 73 
‘|. ERR ER en ee: 75 
Ee eer 80 
RR EG RAS Pete 82 
J AE eel 85 





It will be noted that the larger the pump the higher the effi- 
ciencies. 


There will be variations from these figures depending upon the 
head and other conditions. Such are submitted only for the pur- 
pose of giving something with which to compare the efficiencies 
of existing installations. This is important, because it will often 
be found that older equipment may have retained its original 
efficiency and yet be so inefficient in comparison with modern 
equipment, now available, that it is decidedly not economical to 
keep it in operation. It will be worth while to check the present 
efficiency of every centrifugal pump now more than ten years 
old, to determine how great a reduction in power consumption 
can be secured by replacement with more efficient modern pumps. 

If an old 1,000 gpm pump, operating at an efficiency of 57%. 
is replaced with a new pump giving an overall efficiency of 73% 
You may be surprised. 
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.he same amount of water may be pumped with 22% less power. 
This means that both the demand rate and the power consumption 
through each step of the existing rate schedule would be decreased 
22%. Such a reduction might prove enough to pay for the new 
installation in about one year’s time. In order to get the gallons 
per KWH to be expected at any head, for any efficiency, it is only 
necessary ot determine theoretical gallons per KWH for that 
head and then to multiply this theoretical value by the expected 
efficiency. If the total pumpage in gallons is then divided by this 
expected pumpage per KWH the power consumption to be antici- 
pated from the new installation will be secured. Similarly it is 
possible to determine the anticipated demand rate, which is often 
as important (if not more so) than is the total KWH consump- 
tion in determining the power bill to be expected from a new 
installation. 


A Worthy Example 


In the March, 1939, issue of WATER WorKS AND SEWERAGE an 
article by Messrs. Marshall and Rawlins of Charlotte, N. C., 
revealed graphically how the power costs were drastically cut at 
the local pumping station by replacing old equipment with new. 
These power costs, which had been running about $16.00 per 
million gallons were cut to ahout $7.50 per million gallons. This 
cut was the result of two definite and distinct improvements. In 
the first place the pumping main was paralleled with a new line. 
This resulted in reducing the former friction loss materially. 
This single betterment cut the power cost from $16.00 to $12.00 
per million. Following this, the not very old (but less efficient) 
pumping units were replaced with modern efficient equipment. 
This investment, which might appear to the average municipal 
councilman a questionable expenditure, further reduced the pump- 
ing cost to $7.50 per million, representing a very notable day in 
and day out saving. 


Measuring Output of Water 


Table I has another use. Many plants, especially smaller ones, 
have no master meters. With the old displacement type pump it 






was possible to secure the approximate amount of water pumped 
by installing a pump stroke counter and multiplying the number 
of strokes by the discharge in gallons per stroke. If the pump were 
permitted to get into a state of disrepair, this measurement was 
apt to be in error, but if the pump were kept in good condition 
it was reasonably accurate. The method about to be outlined for 
obtaining the output of water from electrically operated centrify- 
gal pumps has possibly a degree of accuracy comparable to the 
pump counter method. 

From the efficiency curve furnished with the pump, determine 
the pump efficiency for the head under which the pump operates, 
The curve will show the pump efficiency only. The combined 
pump and motor efficiency, the so-called wire to water efficiency, 
will be about 90 per cent of the efficiency shown for the pump 
alone. From Table 1 secure the theoretical gallons per kilowatt 
hour for the head under which the pump is operated. Multiply 
this by the overall wire to water efficiency just secured. This 
gives the number of gallons per kilowatt hour the pump should 
deliver. Multiply this by the total number of kilowatt hours 
used over any given period of time and the result should be the 
number of gallons pumped over the sam period. To illustrate: 


Assume a pump with an efficiency of 65 per cent operating at 
a total head of 200 ft. Then 90 per cent of 65 would give an 
overall wire to water efficiency of 58.5 per cent. If the installa- 
tion were 100 per cent efficient, Table 1 indicates the discharge 
would be 1,592 gallons per kilowatt hour. With an overall eff- 
ciency of 58.5 per cent.the discharge would be 1,592 58.5 per 
cent, or 931 gal. If the power consumption for the month be 20,000 
kilowatt hours, then the total pumpage becomes 20,000 X 931 or 
18,260,000 gal. for the month. 

While this method of computing pumpage will not, as a rule, 
give results as satisfactory as those secured from a master meter, 
it does give a close approximation in instances where a master 
meter is not available. 


In outlining the tests in this paper it has not been intended to 
supplant the more detailed methods used by professional engi- 
neers, but to make available to the average water works operator 
a method of checking which will give reasonably accurate results. 





TERMINOLOGY IN PUMPING* 


Static Head 


Static Head is the vertical distance in feet between the free 
level of the source of supply and the point of free discharge, 
or to the level of the free surface of the discharge water. 


Total Dynamic Head 


Total Dynamic Head, as determined on test, where Suction 
Lift exists, is the reading of a mercury column connected to 
the suction nozzle of pump, plus the reading of a pressure 
gauge connected to discharge nozzle of pump, plus vertical 
distance between point of attachment of mercury column and 
center of gauge, plus excess, if any, of Velocity Head of dis- 
charge over Velocity Head of suction as measured at points 
where the instruments are attached, plus head of water resting 
on mercury column, if any. 


Total Dynamic Head, as determined on test, where Suction 
Head exists, is the reading of a gauge attached to the dis- 
charge nozzle of pump, minus the reading of gauge connected 
to the suction nozzle of pump, plus or minus vertical distance 
between centers of gauges (depending on whether suction gauge 
is below or above discharge gauge), plus excess, if any, of 
Velocity Head of discharge over Velocity Head of suction as 
measured at points where instruments are attached. 


Total Dynamic Discharge Head. is the Total Dynamic Head 
minus Dynamic Suction Lift, or plus Dynamic Suction Head. 


Total Dynamic Head is the vertical distance between source 
of supply and point of discharge when pumping the required 
capacity, plus Velocity Head, plus friction and entrance losses. 


*From “Hydraulic Data,” an Ingersoll-Rand Hand-Book. 





Suction Lift 


Suction Lift exists where the source of supply 1s below the 
center of pump. 

Static Suction Lift is the vertical distance from the free 
level of source of supply to center of pump. 

Dynamic Suction Lift is the vertical distance from the source 
of supply, when pumping required capacity, to center of pump, 
plus Velocity Head, plus entrance, and friction losses; but not 
including internal pump losses. 

Dynamic Suction Lift, as determined on test, is the reading 
of a mercury column connected to suction nozzle of pump, plus 
vertical distance between point of attachment of mercury column 
to center of pump, plus head of water resting on mercury 
column, if any. 


Suction Head 


Suction Head (sometimes called Head on Suction), exists 
when source of supply is above center of pump. 

Static Suction Head is the vertical distance from the free 
level of the source of supply to center of pump. : 

Dynamic Suction Head is the vertical distance from the 
source of supply, when pumping at required capacity, to center 
of pump, minus Velocity Head, minus entrance, and friction 
losses; but not minus internal pump losses. 

Dynamic Suction Head, as determined on test, is the reading 
of a gauge connected to suction nozzle of pump, minus vertical 
distance from center of gauge to center of line pump. Suction 
Head, after deducting the various losses, may be a negative 
quantity, in which case a condition equivalent to Suction Lift 
will prevail. 
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ELIMINATING SURGE TROUBLES ON PUMP DISCHARGE LINES* 


By D. M. RADCLIFFE 
Engineer, U. S. Engineers’ Office, Washington, D. C. 


The purpose of this article is to relate a practical means of 
preventing dangerous surges and water-hammer in water service 
pipe lines. 

There are several means of preventing surges in pipe lines, 
the best known of which is the surge tank. In most water 
supply systems it is not practical to provide surge tanks and 
therefore some other means must be employed if excessive 
surging is to be eliminated. 

A common cause of dangerous water-hammer or surge in 
pipe lines of water supply systems is failure of the electric 
power input to motor driven pumping units. This sudden stop 
in pumping sets up a series of pressure waves or surges in the 
discharge pipe line. Much has been published with respect to 
water-hammer and its effects on pipe lines, therefore this arti- 
cle will discuss briefly a practical means of eliminating surge 
or water-hammer conditions. The method described is in sat- 
isfactory operation on the Washington Aqueduct in the city of 
Washington, D. C. 

The Dalecarlia Pumping Station is equipped with nine syn- 
chronous motor driven centrifugal pumping units of 10 and 20 
m.g.d. capacities. Three discharge pipe lines extend from the 
station to service reservoirs. One is a 48-inch pipe line, 12,350 
feet in length with 110 feet working head; one a 36-inch line, 
8,900 feet in length with 220 feet working head; one a 36-inch 
line, 15,950 feet in length with 340 feet working head. Three 
pumps are connected into each of these three lines. 


Following accepted practice quick closing check valves had 
been installed in: each of the pump discharge lines. Electric 
power failures, which occur several times each year, proved the 
cause of excessive and dangerous surges of water-hammer in 
the discharge lines. Records of the surges were taken on high- 
speed pressure charts and it was found that the maximum surge 
pressures recorded were 175 per cent above normal working 
pressure on each line. 


Rotary Plug Type Check Valves Installed 


After the pumping station had been in opertion for approxi- 
mately three years, it was decided to install check valves which 
would reduce to a minimum the loss of head through such 
valves. The new valves installed are of the rotary plug type 
and hydraulically operated. These are equipped with an ad- 
justable timing feature to provide means of regulating the 
speed of closing upon pump shut-down or failure of electric 
power. Timing tests were made on the new valves to determine, 
if possible, a closing period which would limit pipe line surges 
to safe values. A number of closing periods, varying from one 
second to fifteen seconds, were tried. It was not permissible 
to employ closing periods in excess of fifteen seconds because 
a reverse flow of water through the pumps would take place and 





*From WATER WORKS AND SEWERAGE 
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Fig. 2.—Sketch to Show Arrangement of Tapping Sleeve and 
Surge Relief Valves 


rotate the units backward at high speed. Since the pumps are 
not designed for reverse rotation this condition was considered 
unsafe and time of valve closing was limited to a maximum 
of fifteen seconds. In the series of closing period tests made, 
it was found that a five second period produced the best re- 
sults, but the surge was still 100 per cent above normal working 
pressure. Unless the check valve can be left open until a surge 
is dissipated and then closed slowly, it is necessary to close 
the valve before the first supernormal return wave reaches the 
station or valve. In the case of the Dalecarlia Station, the first 
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Fig. 1.—Results from Surge Relief Experiments, Employing Various Sizes of Relief Orifice 
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lig, 3.—Charts Illustrating Surye Conditions Before and After 


supernormal wave reached the station seven seconds after power 
failure. The results obtained by valve timing were therefore 
not considered satisfactory because these valves must protect 
pipe lines of concrete construction which were not designed to 
withstand the surge pressures encountered. 


Further Studies on Surge Relief 


Investigations of several methods of surge suppression in pipe 
lines were then made. It was decided to provide a relief valve 
on each pipe header in the pumping station. To make the in- 
stallation it was necessary to provide an outlet from each of 
the three pump-discharge lines. This was accomplished by in- 
stalling “Smith” tapping sleeves (Fig. 2) with 10 inch outlets. 
A 10-inch gate valve was bolted to each sleeve to provide 
emergency shut-off. The discharge from each surge relief 
valve was carried into the filtered water reservoir to prevent 
waste of purified water. 

Before deciding upon size of valves to be used, calculations 
and field tests were made to arrive at the size of relief re- 
quired. The field tests consisted of a series of surge tests 
relieved through different sizes of openings. This was done by 
providing a 12 inch valved opening on one of the pumping 
station headers. A series of tests was then made under vari- 
able pumping conditions with the several orifice plates boited 
on the valve. The valve was of the quick opening, hydraulic 
type, manually controlled. A signal system was installed to in- 
sure proper timing of test valve opening. The field tests 
included surge relief through openings 2, 4, 6, 8, 10 and 12 
inches in diameter. It was found that the 2 and 4-inch open- 
ings had very little effect in damping the supernormal surge 
pressure. The 6-inch opening did not damp the first supernor- 
mal wave but did damp out the succeeding waves. The 8-inch 
opening entirely damped or eliminated all supernormal waves. 
From the results obtained in the field tests it was decided to 
install 10-inch surge relief valves on each of the pump dis- 
chargé lines. The chart (Fig. 1) shows the results of the 
tests made with the orifice plates under variable pumping con- 
ditions. 





Installation of Cone Type Relief Valves on Discharge Lines 


Automatic Cone Relief Valves Installed 


The surge suppressor or relief valves installed are of the 
hydraulically operated, rotary plug type (Fig. 2), manufactured 
by the Automatic Cone Valve Company, now a division of the 
Chapman Valve Company. Since the valves meet open when 
the pressure drops in the pipe lines it was necessary to supply 
water pressure for valve operating from an independent source 
of supply. A 60-gallon residential supply water system was in- 
stalled to insure an unfailing supply of water pressure to the 
three surge relief valves. The valves operate in the following 
manner: the normal pressure of the pipe line operates against 
a spring diaphragm pilot valve which admits control water 
pressure to the “closing” end of the hydraulic piston. 

This holds the surge relief valve in the closed position. When 
a power failure occurs, the water in the pipe line flows away 
from the pumping station causing a subnormal wave in the 
line. This results in low pressure against the control dia- 
phragm, which allows a spring to operate the pilot valve, which 
in turn allows high pressure control water to flow to the 
“opening” end of the hydraulic piston which opens the main 
surge relief valve. The opening action is very rapid, the entire 
operation requiring only from 1.5 to 2 seconds. The average 
duration of the first sub-normal wave in the Washington lines 
is approximately 8 seconds, thus the surge relief valve is wide 
open before the first super-normal return wave reaches the 
station. With the surge relief valve open, all succeeding super- 
normal waves are dissipated through the open valve. The pipe 
line now assumes a penstock condition and the surge relief 
valve must be closed very slowly in order to prevent setting 
up penstock surges. This is done by limiting the flow of con- 
trol water to the “closing” end of the hydraulic piston. For 
successful results it was found that a 2-second opening and 
2.5-minute closing of the surge relief valves entirely elim- 
inated water-hammer or surges in the respective pipe lines. 


Results 


During the period of service since these surge relief valves 
have been in operation in the Dalecarlia Pumping Station sev- 
eral power failures have occurred. High speed pressure charts 
indicate, however, that pipe line surges have been entirely elim- 
inated as indicated by typical records pictured in Fig. 3. 
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ANDERSON VALVE CORPORATION 





Anderson Automatic Valves for Water Control 





high or surging pressures. 


MANUAL GR HYDRAULIC CONE VALVES 


1. Superior Mechanical Lever- 
age Advantage 


2. Automatic Adjustment for 
Wear 


3. Simplified Design 


4. Balanced Plug Construction 


Service: For maintaining a con- 
stant delivery pressure in dis- 
tributing mains regardless of 
change in volume requirements. 


For high or low pressure. 


Cushioned: In the opening op- 
eration by water and in the clos- 
ing operation by air. Prevents 


water hammer. 


Valves may be furnished with 


various controls to meet indi- 





vidual conditions. 


Anderson Cushioned Valves Prevent Water Hammer 
AUTOMATIC CUSHIONED ALTITUDE VALVES 


Service: For automatic fluid level con- 
trol in tanks, standpipes, reservoirs or 
other containers where separate inlet and 
outlet pipes are used. Valve shown at 
the left exhausts to atmosphere. 
illustrated at right is adapted for instal- : | 


Valve 





























lations where ordinary exhaust to atmos- 1c | ee | i | 
phere is not permitted. : sos 0m VALE con 
AUTOMATIC 
Cushioned: In the opening operation by came-sShauiesie” wines 
. . . . 4?, v 
water and in the closing operation by air. ' Heian aa 
Prevents water hammer, shock or jar on Nie 


Anderson Manual or Hydraulic Cone Valves offer the usual cone valve ad- 
vantages such as: drop tight in either open or closed positions, reduction of 
water hammer, negligible loss of head, installation requiring small head room, 
minimum operating time, seat protection in either position, seat cleaning ac- 
tion, flexible unit construction, sturdy construction with large factor of safety 
in material and also provide the following inherent advantages : 


























AUTOMATIC CUSHIONED 
WATER FLOAT VALVES 


Service: For automatically maintaining any 
uniform water level in tank, standpipe, .res- 
ervoir or other containers. For high or low 
pressure. 


Cushioned: In the opening operation by 
water and in the closing operation by air. 
Smooth operation prevents water hammer or 
other shock. Copper float, valve fully 
bronze mounted throughout. 
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THE ELIMINATION OF CHECK VALVE SLAM 





By H. K. PALMER* 
Los Angeles, Cal. 


The slamming of check valves when pumps are stopped con- 
stitute a source of annoyance and often of expense to water works 
or sewage works, and allied institutions. Many check valves have 
an annoying habit of slamming when it is least expected, while 
others placed on long lines may close quietly. Too sudden closing 
may easily cause a rupture in a pipe line, a feature which may 
be eliminated by inclusion of a large air chamber which will 
eliminate sudden pressure on the pipe but may cause such an 
abrupt closing of the valve as to crack the flap. 


Check valve slam produced by a surge in the water column 
causes water hammer, with its consequent damage. When a 
pump suddenly stops, the water tends to continue in motion due 
to its momentum, and the gage pressure drops to zero. The force 
tending to stop the motion of the water is proportional to the 
static head on the pump and such force produces a negative 
acceleration in the water —, rh to the formula: 

= Ma 
where: F = Force producing acceleration; M = Mass of water; 
a = Acceleration. 

Letting: A= Area of pipe, square feet; L = Length of pipe in 
feet; g— Acceleration due to gravity (32.2); w= Weight of a 
cubic foot of water (62.4 lbs.) ; h= Static head on the pump; 
Hf= Friction head; H =Total head; t=Time in seconds; 
v= Velocity in pipe: 

One may: compute the Sone producing acceleration as being 


=hAw 
And, the mass of water is found to be 
ALw 
EE 
g 
Then: 
ALw 
hA W>=——-a 
g 
Or 
h 
a=—g (See Figue 1) 
L 


If v is the velocity in the pipe before the pump stops, the 
time (in seconds) required to bring the water to a stop will be 
v 


Sion 


a 
If the flap can come to its seat in (t) seconds or less, it is 
obvious that the water cannot move backwards and as the 
flap is moving against the stream it will be cushioned. On the 
other hand if the flap does not have time to become seated 
within (t) seconds, the water will start backwards and the 
valve will close with a slam. 


Rapid vs. Slow Closing Checks 


It is obvious that what is desired is a valve that will close 
rapidly. One way to accomplish this is to have the valve seat 
inclined to shorten the distance the flap must move, and another 
is to use a valve with an extended hinge pin and arm so that 
the flap can be weighted. This weight prevents the flap from 
opening fully, causing a small increase in pressure, but accel- 
erates its return movement when the pump stops. On one test 
in which a four-inch pump was forcing water into a pneumatic 
tank under 65 pounds pressure, the slam was eliminated by 
hanging enough weight on the check hinge pin arm to increase 
the pumping pressure less than one-half pound. This repre- 
sented one of the most difficult situations for slam elimination 
because the pump line was short and there was little mass to 


the flowing water; thus in one controlling formula a=—, (a) 
M 


v 
was relatively large: and in the other formula t=—, (t) was 
a 
relatively small. 
Where it is not practicable to close the check valve in less 
than time (t), the use of a slow closing valve should be con- 





*Chief Draftsman, Los Angeles County Sanitation Districts. 
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Arrangements of Air Chamber Installation to Eliminate Check 
Valve Slam and Water Hammer 


sidered, but such valves are expensive and must be so designed 
that the final closure is made very slowly. An air chamber 
will provide a cushion in case the valve does not close before 
the flowing water comes to rest and will protect the pipe 
against excessive pressure. Immediately after the pump stops, 
the value of the shock absorbing compressed air in such cham- 
ber is its cushioning effect, which tends to maintain the gage 
pressure on the line instead of allowing it to drop to zero. It 
will thus delay the stopping of the water in the main pipe but 
the pressure being maintained close to the pump, where the air 
chamber will normally be placed, produces excessive accelera- 
tion in the short length of pipe between the chamber and pump 
and although the valve will slam violently, the pressure on this 
section of the pipe will not be excessive. After the valve has 
slammed the water in the main pipe will slowly come to rest, 
and then back into the air chamber, the gage showing an oscil- 
lation about the static elevation, as a center, with maximum and 
minimum at approximately (h+ Hy) and (h—Hp). 

The air cushion in Fig. 1 has purposely been drawn, much 
larger than is recommended in order to illustrate the conditions. 
If, instead, it consists of a piece of pipe of the same diameter 
as the discharge pipe and about two or three diameters in 
height it will not supply enough water to permit any to flow 
backward through the check valve, thus avoiding a slam and at 
the same time preventing excessive pipe pressure. A surge will 
a set up with a maximum pressure of (H = 2h) and minimum 

H=0). 





A Successful Arrangement 


An air chamber arrangement which has been found to work 
very successfully is shown in Fig. 2. “A” is the main line 
check valve, “B” a check valve into the air chamber which 
should be nearly as large as “A” and set to allow water to 
enter the chamber. “C” is a gate valve or a plug cock smaller 
than “B”. “C” must be opened or closed by trial until it limits 
the flow of water from the air chamber enough to prevent 
slamming of valve “A,” and thereafter left in that position. 
The limited supply to the pipe damps out the surge, yet check 
valve “B” is large enough to admit a full stream to the air 
chamber and thus prevent excess pressure on the return flow. 

To correct slam in an existing check valve, an air chamber 
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can be built into the cover plate of the valve (Fig. 3). Care 
must be taken to so adjust the size of such a chamber that suf- 
ficient water is returned to close the flap by the time the water 
comes to rest but not sufficient to produce a slam. 


This investigation was made about five years ago by the 
writer for the Los Angeles County Sanitation Districts and the 
data obtained applied to the correction of a number of trou- 
blesome conditions where valve slam was a problem. 

The writer is indebted to E. A. Rutledge of the Rensselaer 
Valve Company for testing the formulae on many successful 
water works installations. A. K. Warren is Chief Engineer 
and General Manager of the Sanitation Districts and A. M. 
Rawn is Assistant Chief Engineer. . 





CHECKING WATER HAMMER“ 


When the water flowing through a pipe is stopped very sud- 
denly there is rise in pressure in the pipe line that may at times 
amount, roughly, to 50 times the velocity in feet per second at 
which the water is moving at the instant. 


The best cure for water hammer is a slow-closing valve. 
The next best cure is to provide an air chamber located as close 
as possible to the valve. If kept fully charged, an air chamber 
is considered to be of sufficient size when its capacity is one 
per cent of the pipe line it serve to cushion. Means of renew- 
ing the air cushion must be provided for. 


Required Volume of Air Chamber 


The size, that is, the volume, of an air chamber depends upon 
a number of factors of which the principal ones are: 

The length and size of pipe that the air chamber serves. 

The rate of flow of water through this pipe. 

The pressure in the air chamber immediately preceding the 
stopping of the flow, and the pressure due to the stopping of 
the flow, and, 


The nature of the action that puts the air chamber into serv- 
ice—whether it be instantaneous, or rapid, or prolonged. 


The following treatment is based upon the first three factors. 
With reference to the fourth factor—it is the more or less in- 
stantaneous stopping of the flow that makes necessary the use 
of an air chamber. Hence, we are virtually assuming the con- 
dition of rapid closing. By this method a volume of air 
chamber is determined such that the energy of the moving 
water is absorbed between prescribed limits of pressure in the 
air chamber. 


We have the expression, 

V=L~x Px R’, in which : <i. 

V is the internal volume of the air chamber in cubic inches, 
. Lis the value from Table 59 for the size and length of pipe 
that the air chamber serves, 

P is the value from Table 60 for the flowing pressure and 
the assumed maximum pressure, both in the air chamber, and 

R’ is the square of the rate of flow through the pipe in gal- 
lons per minute immediately before the stopping of flow. 

Note—The flowing pressure can be determined approximately 
by deducting from the static pressure at the air chamber the 
loss of pressure in the run of piping (for which the size of an 
air chamber is being found) under the assumed rate of flow. 

Determine the size of an air chamber for a %-inch branch, 
20 feet long, carrying 10 gallons per minute, based on pressures 
of 20 pounds per square inch flowing, and 60 pounds per square 
inch maximum. 

Substituting, : 

V = 0.042 x 1.6 x 10? = 6.7 cubic inches. 


Having determined the volume of the air chamber, it becomes 
necessary to fix the proportions—whether to make it of rela- 
tively small diameter and correspondingly long, or short and 


*From ‘Water Supply in Buildings,” by Alex. W. Moseley, 
Mass. Inst. of Technology, 1935. | 
“dumpy.” If made of %-inch pipe, length would be 6.7/0.53, 





or 12.6 inches. Sectional area of 34-inch pipe is 0.53 square 
inch from Table 61. 








TABLE 59 
Values of L 
Length of Size of Pipe, Iron i Size 
Run, Feet % % 1 1% 1% 2% 3 4 
ae 037 .021 .013 .0074 .0055 .0033 .0023 .0015 .0009 
_ See -074 .042 .026 .015 .011 .0066 .0045 .0030 .0017 
| -lll .063 .039 .022 .016 .010 .0068 .0045 .0026 
so c.0%e -148 «6.084 .052 .030 .022 .013 .0091 .0060 .0035 
an 185 105 065 037 027 017 011 0075 
Obs cise 222 126 078 044 «3.033 020 014 0090 52 
oe 296 168 104 059 .044 026 018 0070 
ae 370 210 130 074 # .055 033 023 015 0087 
aie ne 462 262 162 093 = «.068 041 028 019 011 
BP os:06 555 315 195 111 .082 050 034 023 013 
- Se 740 420 260 148 ~=.109 066 045 030 017 
_ ae 924 524 324 185 = «.136 082 057 037 023 





Note that for each size of pipe value of L is proportional to 
length of run. 











TABLE 60 
Values of P 
Maximum 
Pressure, 
Lb. Flowing Pressure, Lb. Sq. In. 
Sq.In. 15 20 25 30 35 40 50 60 80 100 
20.. 42. 
Se.0 Te 56. 
30.. 6.0 16. 72. 
35.. 3.8 7.8 20. 90. 
40. 2.6 48 °9.8 25 110. . 
50.. 1.6 2.5 4.2 72 36. 
oe! 1.6 2.5 3.8 6.0 10. 49. 
80.. 0.67 0.92 1.3 1.7 2.4 3 6.9 18. 
100.. 0.48 0.63 0.82 1.1 1.4 1:8 3.0 6.4 37. 
120. 0.37 0.47 0.60 0.75 0.93 1.2 1.8 2.8 8.0 39. 
TABLE 61 
Sectional Area of Pipe 
Size of Pipe Area of Internal Cross- 


Iron Pipe Size Section of Pipe Sq. In. 
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(The above article should be useful in meter shop practice 
oo where quick closing valves must be employed.— 
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PRACTICAL ELECTRICITY IN THE PLANT 





The A. B. C.’s of Electricity for the Water and Sewage Works Man 


By MARSDEN C. SMITH 
Engineer and Supt. Water and Electricity, Department Public Utilities, Richmond, Va. 





Taken from a series of short articles by Mr. Smith, 
dealing with the A.B.C.’s of practical electricity for water 
works and sewage plant operators. 

The author, a graduate electrical engineer, is a well 
known water works operator. He is, thereby, peculiarly 
well qualified to present these discussions, which should be 
of considerable benefit to operators and designers less 
thoroughly grounded in electrical matters. 

If there are points in his contributions not clear to the 
reafer, Mr. Smith offers to answer inquiries. 











HE increasing use of electricity in water and sewage treat- 

ment plants produces problems of design, operation and 

maintenance with which the engineer in charge is generally 
but little familiar. Fortunately, while advanced electrical engineer- 
ing is a very involved subject, a helpful and useful knowledge of 
its fundamental principles can be obtained quite readily by the 
trained personnel of such plant. To that limited end the presenta- 
tion of this series of articles is confined. 


PART I—ELECTRICAL UNITS 
The Volt 


One of the most important units of electricity is the Volt. It 
is the unit of electrical pressure. Just as we measure water force 
or pressure in units of pounds per square inch or feet of head, 
the unit of electromotive (electric moving) force is the volt. In 
equations, its symbol is E. Voltage is sometimes expressed in 
print as the emf—abbreviation for electric-motive force. 

Standard voltages are 110, 220, 440, 2,200, 4,000, and 13,200. 
The individual for whom these articles are intended is rarely con- 
cerned with voltages in excess of 2,200. Furthermore, the 110 
volt standard is now in the process of change, and seems to be 
quite generally replaced by a standard of 120 volts. 

Extra-heavy fittings and greater precautions are necessary 
with greater water pressures; so too, must greater care be taken 
both of life and property when higher electrical pressures are 
used. However, pressures of as little as 110 volts, in common 
domestic use, may prove fatal and care should always be taken 
to avoid personal contact with even these relatively low pressure 
circuits. 

Most electrical apparatus is designed to operate at one of the 
above mentioned standard voltages. The use of other than these 
standards is both unnecessary and uneconomical. Incandescent 
lamps are generally rated at from 110 to 125 volts in five-volt 
increments. They may be obtained designed for 220 volts, but 
such lamps are not recommended except where no 110-volt serv- 
ice is available. Even then safety and economy demand the use 
of 110-volt lamps if possible. 


Some Practical Considerations 


Lamps are very sensitive to voltage change; and the operator 
should see that the lamps are purchased for the circuits on which 
they are to be used. For example, if the average voltage at the 
station is known to be 118 volts, 120-volt lamps should be used. 
Here the use of 110-volt lamps would increase the lamp replace- 
ment cost by almost 300 per cent. 

Motors are not nearly so sensitive to voltage change as are 
lamps and will operate successfully at applied voltages within 
10 per cent above or below normal rated voltage. Greater voltage 
variation will generally cause excessive heating and unsuccessful 
operation. 





Small motors (less than 5 horse-power) are usually single 
phase and operate at standard lamp voltages. Large motors, 5 
to 50 H.P., are cheaper when designed for 220 or 440 volts. 
Larger than 50 H.P. should be designed for 2,200 volts. Of 
course, local conditions may change these recommendations. One 
large plant has motors from 3 to 300 H.P. The station designers 
used 2,200 to 440-volt transformers; motors between 50 to 300 
H.P. were ordered for 440 volts. A second set of transformers 
reduced the 440 volts to 220 volts for the smaller motors (up to 
50 H.P.). Certainly this is unfortunate, because the larger and 
more expensive motors would have been of less first cost if de- 
signed for 2,200 volts, and the 2 to 5 per cent transformer losses, 
which materially increases operating costs, would have been 
saved. The smaller motors could all have been 440-volt type, 
thus here again would have been saved the second transformer 
losses. Here we see an evident error that a better understand- 
ing of the problem of electricity in design would have avoided. 

Other than electrical engineers often fear the use of 2,200 volts. 
It is true, that there is no need for this higher potential, unless 
the size and number of motors justifies its use. However, where 
the total of as much as two or three hundred horse-power is re- 
quired for motors larger than 50 H.P., the higher potentials are 
certainly advisable. 

The relative advantage of the use of 220 or 440 volts as the 
operating voltage for the smaller motors is not so definite. How- 
ever, for larger plants 440 volts seems more desirable. Safety 
requires the same care with 220 volts as with 440 volts, and a 
much wider range of motor sizes can be more economically 
operated at this than at 220 volts. 


The Ampere 


The second important unit of electricity to be considered is the 
Ampere. 

It is the unit of electrical rate of fow. We are familiar with 
the various measures of the rate of flow of liquids; gallons per 
minute, etc.; so we should think of the unit rate of flow of 
electricity as the ampere. In equations its symbol is generally 
(1). In print Amperes are sometimes abbreviated to “Amp.” 
Larger pipes are required to carry larger rates of flow of water 
economically; so too, larger wires are needed to carry larger cur- 
rents (amperes) economically. Small pipes may be uneconomical 
because friction causes too great loss of water pressure. In 
exactly the same way, wires may be too small for the amperage 
(current flow) and cause an uneconomical loss of electrical pres- 
sure (voltage drop). 

There are no standard currents as in the case for the voltage 
rating of electrical apparatus. Each appliance, lamps, heating 
devices, etc., takes from the circuit a current dependent upon its 
design and lack of resistance to flow. Motors require, for ex- 
ample, a current that varies with the load. All electrical ap- 
paratus (except lamps) should have its normal current rating 
stamped upon its nameplate. Lamp current is determined by 
dividing its watt rating by its rated voltage. 

However, there are certain appliances such as wire, fuses and 
switches that are rated in terms of the current they may safely 
carry; thus currents are to this extent standardized. The plant 
manager should realize that these current ratings are fixed by 
the National Electric Code, and he should not permit greater 
current to flow through accessories than the limits established, 
by this code. Oftentimes circuits are fused far beyond the rated 
capacity of the wire, which is supposedly being protected by the 
fuse. Such practice is both uneconomical and dangerous. 

Most appliances, including motors, are connected between the 
supply lines, that is, in parallel. In this way the circuit voltage 
is impressed upon each appliance, causing a current to flow 
through the appliance of a quantity dependent upon its rating 
and load. These increments of current are added, hence the sup- 
ply wires carry greater and greater total current as we work 
back toward the source of power. For example: Five 1,000-watt 






















































































s rated 100 volts each require 10 amperes. Let us designate 


jo as numbers one to five, from that nearest the supply to the 


te. Both wires between the supply and the first (No. 
My amp carry 50 amperes; between 1 and 2, 40 amperes, and so 


‘| between 4 and 5 the current has reduced to 10 amperes, 
= i eau by No. 5—the last lamp. They all have (prac- 
tically) the same voltages as the supply applied to their terminals. 


Some Practical Considerations 


installing new apparatus there are two considerations 
Pig paces. Sip (1) Use wire of ample conductor size. 
(2) Employ insulation having a large factor of safety. For low 
potential circuits (less than 600 volts) 30 per cent pure rubber 
insulation will generally prove more economical than the stand- 
ard code insulation. Particularly is this true in water and 
sewage treatment plants due to the prevalence of dampness in 
such locations. For 2,200-volt circuits rubber insulated cable 
is more easily installed than is varnished cambric cables. Rubber 
depreciates must more rapidly when subjected to heat and grease 
or oil than does varnished cambric, but it is less affected by mois- 
ture. For this reason, varnished cambric is never used without 
some form of outer coating, usually lead. Modern synthetic 
resins and other compounds are rapidly proving their value for 
use as the outer protective coating, materially lessening the in- 
stallation difficulties. These coatings are deserving of considera- 
"— general, where expert electrical maintenance is not avail- 
able, the proper thickness of 30 per cent pure-rubber insulation, 
on conductors of adequate size for the current they will ever 
have to carry, will certainly well repay the increased investment 
cost. Where such expert maintenance is available, varnished 
cambric insulation may prove better for 2,200-volt circuits. 


The Ohm 


The unit of electrical resistance is the Ohm. Jn equations its 
symbol is (R). 

If we close the spigot, even though there be water pressure 
at the valve, no water can flow because the resistance is too 
great. The same result is obtained when opening an electric 
switch; the pressure (voltage) still exists but the resistance 
(ohms) become so great that no current (amperes) can flow. 
This is an example of localized resistance. 

Electrical resistance may be distributed, in fact ts distributed 
along the conductor just as is the pipe resistance to water flow 
proportional to its size, length and condition. Fortunately, in 
electrical circuits the loss of voltage (pressure) is always directly 
proportional to the resistance and rate of current flow. There- 
fore, the loss of power (to be discussed in the next article) is 
proportional to the resistance and the square of the rate of flow 
or current. 

An electrical device, such as a lamp, does not use or destroy 
current in the sense that an oil lamp consumes oil, but by its 
relatively high resistance limits the current that may flow as a 
result of the impressed electromotive force—voltage. Thus we 
have the a but important equation known as Ohm’s Law: 


wm IND te tt eee eee ee ee eee eee eee eeeeee 


1) 
There are no standards of resistance; however, the established 
resistance per unit length of electrical conductors and resistance 
alloys may be found in any electrical engineer’s handbook. 


Direct vs. Alternating Current 


Formula (1) applies to circuits that contain resistance only, 
or in which the frequency is zero, as in the case of direct current. 
This term frequency must now be understood. If the polarity 
between two wires (A and B) of a circuit is not changed, the 
current flow will always be in one direction in the wires, thus 
constituting what is termed direct-current—(D.C.). If we alter- 
nate wires A and B from one side of the source to the other, 
once each % second, the direction of current flow in A and B 
will reverse once every %4 second, and will begin to flow in the 
original or same direction in a given conductor once every sec- 
ond. Electrically we would say that there was being produced 
“An electromotive force (current) having a frequency of one 
cycle per second.” Fundamentally that is the difference between 
alternating and direct currents. Modern alternating currents 
closely follow the sine law in their time-potential value; and the 
standard frequency in this country is now sixty cycles per second. 

When direct current is applied to a coil of copper or other 
wire (having resistance R) wound around iron, if the current and 
voltage be carefully measured, equation 1 will be found to apply. 
When an alternating voltage is applied this equation no longer 
can be used. This is because any magnetic circuit is an inductive 
circuit, and the effect of an inductance is to divide the alternat- 
ing current into two components which are at right angles to 
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one another. Hence to obtain the same current through the coil 
when an alternating voltage is applied, a greater voltage is re- 
quired than when a direct voltage is used. So for alternating cur- 
rent circuits equation 1 becomes: 

St er Soe ee eet Pe ree (2) 
in which Z is the impedance of the circuit. 


Many devices, such as heating appliances and lamps have little 
or no inductance; hence may be used on either direct or alternat- 
ing current circuits of the rated voltage; but inductive devices, 
such as transformers and motors, cannot be used on direct cur- 
rent circuits unless especially designed for the purpose. 


Transformers 


The engineer for whom these articles are intended rarely is 
concerned with the use of transformers; however, a brief dis- 
cussion of them is advisable. The standard transformer consists 
of two stationary coils of wire insulated from one another and 
wound around a common iron core. A special class, the auto- 
transformer, commonly used for motor starters, has only one 
winding with connections to some desired turn between the two 
end turns. 

Of the winding in the auto-transformers, the turns connected 
to the power supply is the primary; the secondary winding is 
connected to the load. The voltage change between the primary 
and secondary is in direct ratio to the number of turns used in 
the two windings; conversely, the current is in the inverse ratio 
to the number of turns. Hence a transformer may be used to 
increase voltage as readily as to reduce it—the so-called “step- 
down.” Many deaths have resulted from opening the high voltage 
switch, assuming the transformer “dead,” when in fact the 110- 
volt side was still energized thus producing normal high voltage 
in the primary. 

Instrument transformers are especially designed to accurately 
reduce the potential or current, as the case may be, for metering 
and other purposes. Care should be taken to always connect the 
secondary terminals of current transformers together with wire 
(short-circuit them) if the secondary circuit must be disconnected 
for any purpose while the primary continues to carry current. 

It is well to know that transformers, if kept cool enough, can 
safely carry much greater than rated loads. Cold winter weather 
and artificial ventilation around the tanks is effective, but hot 
locations and days are dangerous. Tank temperatures should 
never exceed 90 degrees C. Contamination of the oil by dirt or 
even traces of moisture must be avoided. In larger units the oil 
should be examined monthly by a competent inspector. 


The Watt 


Another very important unit of electricity is the Watt, which 
is the unit of electrical power. The more commonly used unit 
is the Kilowatt, which is one thousand watts. The symbol for 
the Watt is (W); for the Kilowatt (KW). The mechanical 
unit of power is horse-power; one horse-power (H.P.) is the 
equivalent of 746 watts or 0.746 kilowatts. Due to the fact that 
the efficiency of small motors is approximately 75 per cent, the 
input in kilowatts is, by coincidence, closely the same as the me- 
chanical output in horse-power. 

With direct current, electrical power is the product of the 
current (I) and the yoltage (E). Thus we have: 

REE Wire's <inted Sinsareimabraien dain adtegind ka (3) 

However, substituting for (E) from equation (1), wherein 
E=RI, we have: 


PGT nb5eswivndennnntshone tenn enebie (4) 
Or similarly, substituting for (I) where I = a in the same 
equation: r 
PGS os. 02 ntsrianttelesinresemeean (5) 


Now, it becomes evident that electrical power varies directly 
with both current and voltage, if resistance is not considered, but 
as the square of either (E or I) if the resistance is considered. 


PART 2 
POWER FACTOR; ITS SIGNIFICANCE 


With alternating currents equation (3) becomes the more 
familiar form, and— 
Be as MO icine oh atin se eecdienccabltloid (6) 
In this equation the Cos @ is designated as the power-factor. 
If an alternating current circuit contains resistance only (no 
capacity or inductance) the angle @ becomes zero; hence, its 
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cosine, which is the power-factor 













tions in water and sewage treat- 
ment plants rarely contain suffi- 
cient capacity (condenser action) 
to be of any practical effect, hence 
we may omit further reference to | 


becomes unity. Electrical installa- f 
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“capacity” in these articles. In- 
ductance, however, is of great 


importance, and in practical in- Fuse 
stallations may reduce the power 
factor as much as 30 per cent. FIG 


The actual mathematical value 
of the power-factor of practical 
circuits is difficult to compute; 
however, it is well for the en- 
gineer to have some idea as to 
the values that may be expected. 
Incamdescent lamps and heating 
devices, since they contain but 
little inductance, are virtually 
non-inductive ; hence, their power- 
factor closely approaches unity. 
Motors and transformers vary 
through very wide limits. Of 
course, a transformer being high- 
ly inductive when delivering no 
load, its power-factor is quite 
near zero; but, at rated load the 
power-factor becomes quite nearly 
that of the circuit being supplied 
by the transformer. Smali motors, 
up to 5 h.p., require power at not 
more than 60 per cent power- 
factor; particularly so when op- 
erating at light loads. Large in- 
duction motors, at full load, now 
may operate at as high as 94 per 
cent; and, synchronous motors, 
more fully discussed in coming 
articles, may be operated almost 
as desired. 

The objection to low power- 
factors is that larger currents 
are required for the same power, 
thus increasing power losses in 
the whole electrical system. Fur- 
thermore, low power - factors 
cause much wider voltage varia- 
tions than do greater loads with 
higher power-factors. For this 
reason many power companies 
offer reduced rates to those con- 
sumers whose apparatus consti- 
tutes a load having a favorable 
power-factor. This fact may be 
of value to many larger opera- 
tors. It is true, however, that 
plant operators can exercise but 
limited control over the power- 
factor of their stations except through the selection and opera- 
tion of the motors. This phase of the subject will be later dis- 
cussed when motors and their characteristics are considered. 


The Kilowatt-Hour 

The kilowatt-hour (KwHr) is the unit by which electric power 
is generally sold. As its name implies, it is the average power 
consumed, in kilowatts, multiplied by the number of hours in- 
volved. For example: if an electric iron is operated for two 
hours at average rating of 600 watts, there is used 600 X 2 = 1200 
watt-hours, or 1.2 KwHrs. 


The volt-ampere (VA) is the product of the volts and amperes 
of a circuit or an appliance, without reference to power. Thus, 
the transformer is always rated in kilo-volt-amperes (KVA) be- 
cause its parts can be designed for the voltage and current value 
desired, but the power-factor of its load may vary through wide 
limits. Thus we see that: 

Bee Se GC Bana vive ccc cncsersas (7) 

Hence, if we are to know the safe load for a transformer rated 
at 100 KVA, we must first determine the power-factor of the 
load to be connected. If we may assume the load to be one-half 
lamps and one-half small motors; we may approximate the aver- 
age power-factor to be 82 per cent. Hence, by equation (7) we 
find Kw = 100 X 0.82 (82 Kw) to he the safe load for this 

case. 
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FIG 4 
Circuits: Figs. 1, 2, 3 and 4 


The Cos 6, which we now recognize to be the power-factor, is 
actually the cosine of the angle of time-phase displacement be- 
tween the current and the voltage of an alternating current cir- 
cuit containing “capacity” or inductance. 


Circuits 


The term, “phase,” is also applied to designate the circuits of 
an alternating current system. In the “Single-Phase” system the 
voltages are in the same time-phase in all parts of the system. 
In the “Two-Phase” system, the two voltages are 90 degrees 
apart. In the “Three-Phase” system they are 120 degrees apart. 

In another sense, there are in effect one or two or three cir- 
cuits in the single, the two or the three-phase systems. Of course, 
the power-factor may be different in each phase; hence the cur- 
rents in the phases may not be of exactly the same angular .dif- 
ference as the voltages producing these currents. 

The simplest circuit is that comprising the single-phase (two- 
wire) system, as in Fig. 1. This is used for the final branch 
circuit of larger systems, and in case of small loads, including 
most residences, it is always used. 

The single-phase, three-wire system is next in capacity and 
in frequency of use. Single-phase, two-wire branches are con- 
nected thereto as shown in Fig. 2. The evident advantage of 
three wires over the two-wire system is that when loads are 

















balanced, the neutral carries no return current, hence the lamps 
and appliances operate at 120 volts, whereas the circuit operates 
at 240 volts. In this way twice as much power can be carried 
over the same wires, by merely adding one additional wire. 


Grounding Practice 

The neutral must be grounded. It should be the same size as 
the phase wires; and, it must not be fused or connected to any 
switch, and the wire used for the neutral must have white cover- 
ing for identification, and the neutral must be connected to 
the white screw in all receptacles. In the single-phase, two-wire 
system one of the wires must be grounded and the same rules 
as given for the neutral conductor wire must be observed. 

(Grounding practice as it affects water works piping will be 
given some discussion at a later point in this article.) 


Three-Phase Standard for Heavy Duty 


The three-phase (three-wire) system is standard for motor 
loads. If lighting is required, the neutral of one transformer 
(made larger to carry the additional load) is brought out as in 
Fig. 3. Most power companies limit the single-phase load that 
may thus be supplied to 50 KVA. In addition, this method of 
supplying the lighting loads makes service interruptions more 
frequent because of the necessity for grounding one of the trans- 
former windings. Perhaps most serious of all is the objectionable 
flicker in the lights obtained when starting motors, particularly 
elevators connected to the system. Of course, economy often rules 
and hence this system is frequently used; but unless the motors 
are relatively small, and are started very infrequently; it is un- 
doubtedly better to separate the lighting and very small motors 
from the power system. 

The formula for power in the different systems, with balanced 
load, is given in the following table: 

Max.V olts 


System Power to Ground 
Single-Phase (Two-Wire)P = EICos@ Here E=120 120 
Single-Phase(Three-Wire)P = EICos@ Here E=240 120 
Two-Phase (Four-Wire) P=2EICos® Here E=120 120 
Three-Phase (Delta) P = V3EICos® Here E=240 207.8* 
Three-Phase (Y) P = V3EICos® Here E=207.8 120 


*Volts to ground on lighting circuits is 120. 
_The two-phase (four-wire) system is so little used that no 
discussion is necessary. 


PART 3—CIRCUIT PROTECTION 


Fuses and all electrical circuit-breakers are similar in function 

to the safety valve on a boiler; and hence they should be 
seriously considered. They are all intended to open the circuit, 
thus stopping the flow of current, should the current exceed a 
predetermined or dangerous rate through these safety devices. 
_ While the problem of circuit protection becomes at times quite 
involved, still there is much that can here be discussed to advan- 
tage. In the first place, the Natinal Electric Code is now almost 
universally accepted as the authority for the safe utilization of 
electricity in all except central station systems. Consequently, the 
engineer should obtain a copy of this useful and important 
publication. 


Fuses and Circuit Breakers 


Fuses are the cheapest and simplest of all protective devices. 
They consist of a piece of relatively high resistance alloy wire 
or tape, designed to melt, and thereby part, at the current at 
which the fuse is rated. The wire is enclosed in a suitable flame- 
proof case to prevent ignition of surrounding materials at the 
time the fuse flashes and melts. The use of fuses is now confined 
almost entirely to circuits the importance of which does not jus- 
tify the more expensive and accurate devices. The type now 
approved, known as the “refillable type,” permits the renewal of 
the fuse link, using the expensive part (the cartridge) over and 
over again. 

For those applications in which the replacement of fuses is 
frequently necessary, thermal relays or air circuit breakers are 
to be recommended. Motor circuits fall in this classification. 
Thermal relays and circuit breakers can permit a greater than 
rated current pass for a short time, as during the starting period 
of a motor, and therefore are of especial advantage for this 
service. The current capacity as well as the voltage ratings of 
this class of protective devices are limited, and when greater 
limits are needed the oil circuit breaker must be used. 

The oil used in circuit breakers must be especially selected 
for this service; and no other oil should ever be used. This 
precaution is essential for the reason that the oil must have high 
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insulation value, high flash point, low carbon content, and wide 
temperature viscosity constant—all in order to quickly quench the 
arc that is formed with each opening of the contacts. 


Relays 


The overload operation of an oil circuit breaker is usually 
actuated by an auxiliary device known as a relay. Relays may 
be of several types: the instantaneous, the inverse time limit, and 
others. The modern relays are truly marvelous devices; however, 
the types needed by the water works plants are, in the main: 

(1) The Instantaneous 7 ype—dash-potted relays with direct 
mechanical trip. Here a coil which carries all or a definite part 
of the load current raises a solenoid when the current flow exceeds 
a predetermined value. The rising solenoid mechanically releases 
a trigger, which in turn permits the oil circuit breaker to open. 
An oil-filled dash-pot retards the solenoid movement. The dash- 
pot opening is adjustable, hence the time for opening with a given 
over-current can be selected as desired. The oil in the dash-pot 
should be inspected at intervals and replaced if dirt or sludge 
has accumulated. While rather crude, this device is sufficiently 
accurate for the protection of most small motor circuits. 

(2) The Air Bellows Type—This type is not much used now. 
An air bellows, with an adjustable escape valve, is substituted 
for the oil dash-pot described above. 

(3) The Induction Type—This relay is more expensive than 
those above mentioned, but its use is justified in the protec- 
tion of all important cicuits. 

With the induction relay, when the current exceeds the desired 
value, the torque on an aluminum disc, mounted on the same 
shaft with the relay contacts, causing the shaft to rotate. Such 
rotation causes the opening (some cases the closing) of the relay 
contacts, which in turn electrically energize the main tripping 
coil on the circuit breaker. The advantage of this type is that 
the time of opening the main circuit breaker can be determined 
to a fraction of a second; also, that the limits of control are 
so wide that these relays, with suitable current transformers, 
become almost universally applicable and highly accurate protec- 
tive devices. 

To repeat, too much care cannot be given the subject of circuit 
protection. Over-fusing (use of fuses with too great capacity) 
of circuits is dangerous and uneconomical. Noting a too frequent 
operation of the overload, protection of any appliance warrants 
prompt investigation. The source of the trouble should be reme- 
died by correction, rather than following the easiest path of using 
too large circuit protection to overcome an annoying operating 
circumstance. 


Grounding—lts Essentiality 


It is no exaggeration to say that without adequate grounding, 
satisfactory electrical service would be virtually unknown. In 
addition, safety would be a word more than a reality. Even so, 
many groundings are so deficient in quality as to become actually 
a hazard instead of a safety effect. Many persons have been 
swindled into paying for a false sense of security when installing 
lightning rods having many ornamental glass balls but no grounds. 
Thereby the victim is actually inviting the lightning to strike the 
house but offering no protection by way of a cable or rod to 
conduct the electric discharge into the earth and there dissipate it. 

Grounds should be carefully made. Use not less than No. 2 
B&S gauge copper wire. Several grounds are preferable to a 
single ground in order to lessen the chances of broken connec- 
tions. Use the water pipe system; the larger the pipe, the better. 
Do not use the gas, gasoline or oil pipe lines. Be sure the con- 
nection between the wire and pipe is electrically and mechani- 
cally as perfect as possible. If no pipe system is available, drive 
at least three 11%4-inch pipe, or equivalent copper rods, well below 
the moisture line in the earth. A good test is that the driven 
ground connection, when shorted, should blow a 30-ampere fuse 
at 120 volts. 

Much discussion has recently been raised in the water works 
field as to the effects of attaching the electric circuit “neutral” 
wires to the water pipes. There is no question that the damage 
done to water systems by stray direct currents, as from street 
railways, has been indeed enormous. Here we have electrolysis 
at its worst, and the destruction of the metallic pipes at spots 
where the current leaves the pipes is rapid. This condition is 
inexcusable and should be prohibited everywhere. 

However, in the alternating current system the damage is not 
so evident, and many doubt its real existence—or at least its 
seriousness. Also it is quite possible that were all connections 
between electrical and water systems removed, electrical service 
as we know it today would be a thing of the past. And even should 
such action force the electric companies to seek other means of 
obtaining the necessary protection now provided by these ground- 
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ing attachments, the water systems would be subject to the same 
distress now debatedly suffered. It would seem certain that more 
severe difficulties would be caused by the same currents finding 
their way to the water system in a then uncontrolled routing and 
dissipation which present practices have been designed to effect. 

The necessity for grounding the electric circuits is to prevent 
dangerous high-potential voltages (through mistakes or accidental 
contact) from increasing the normally low-potential circuits to a 
dangerous loading. The wiring for lighting systems of buildings 
is designed for a maximum of 150 volts to ground. Let us assume 
that a street series circuit operating at 5,000 volts should fall 
across the service wires from the pole to your home. With no 
ground on the “neutral” of your secondary wiring, its potential 
would be raised from its normal low value to a maximum of 
5,000 volts. Certainly something must happen; either a fire is 
started, or perhaps a member of your family may be killed. The 
effect of such danger has been observed when service thawing 
current reaches the house wiring. In these instances the “ground” 
has worked in reverse, but proves its safety value and the neces- 
ity of “breaking” the service line before electrical thawing is 
started. Now consider these same conditions to exist, except that 
now your “neutral” is properly grounded. When the high-potential 
circuit is now temporarily crossed with service, the high-potential 
currents are safely carried to ground, and no one in the home 
would realize the possible disaster that the ground connections 
have avoided. 


When, What and Why Ground? 


There is no doubt that a full study and discussion of the entire 
subject of grounding by the new functioning joint committee 
will prove well worth while. It is certainly to be hoped that 
there will result a greater care in the preparation and arrange- 
ment of ground connections between the electric and water sys- 
tems, and that the volume of curent flow be intelligently regulated. 
We, the water utility interests, should not embarrass this effort by 
hasty demands to prohibit all grounding of water systems. As 
a matter of fact, we could not do so, even if thoughtless 
enough to demand such. 

[Water works men have themselves found difficulty in effec- 
tively grounding pumping station motor circuits by any other 
method than an efficient connection to their own pressure mains 
leaving the station —Ed.] 

No wires used in lighting systems should have more than 150 
volts to ground. The wires of power circuits, such as 220 or 440 
volts, should not be grounded. All appliances, frames of motors, 
conduit, etc., in addition to the “neutrals” of lighting systems, 
should be carefully and effectively grounded. Inspect grounds 
frequently. The snuffing out of a life may be the penalty if you 
do not. Satisfactory operation is another, if secondary, reason for 


so doing. 
PART 4—MOTORS 


Alternating current motors are of two general types: the syn- 
chronous and induction. The main difference between these two 
types is that, while the synchronous motor can run only at a 
definite constant speed (synchronous speed), the induction motor 
must operate at a speed dependent upon the load applied, but never 
at synchronous speed. There are other important differences that, 
to better advantage, will be mentioned later. 


Synchronous Type 


At a given frequency the speed of a synchronous motor may be 
determined by the equation; 


in which N = revolutions of rotor per minute (RPM); f = fre- 
quency in cycles per second ; P = number of poles. 

Since the standard frequency is 60 cycles per second, equation 
8 is generally expressed in the form: 


From this it is evident that the maximum speed for a 60 cycle 
motor is 7200/2 or 3600 RPM, and the speed, N, from equations 
8 or 9 is known as the synchronous speed of the motor. This, for 
60 cycle motors, is the constant 7200 divided by the number of 
poles; and, since the number of poles must be an even number, 
synchronous speeds become 3600, 1800, 1200, 900....RPM. One 
of the greatest limitations of the synchronous motor is that it 






cannot be built to operate at other than synchronous speeds, when 
oftentimes an intermediate speed is needed. 

On the other hand, the fact that it runs at an exact speed is 
quite frequently its greatest asset. Electric clocks and timing 
devices depend upon this characteristic for their value and depen. 
dability as to accuracy. Pump drives, and mechanical devices of 
all types that require an exact and fixed speed, necessitate the use 
of the synchronous motor for this reason. 

Another marked difference between the synchronous and induc- 
tion motor is that the former requires salient magnetic poles, ex- 
cited (magnetized) from a source of direct current; whereas, 
the induction motor has no such poles and requires no separate 
excitation. In fact, the standard squirrel-cage motor is well 
named, because its rotor is essentially nothing more than a circle 
of bars parallel to the shaft which are held in place and short- 
circuited by two metallic rings. Picture the revolving cage for 
the squirrel’s exercise and you have it—thus, the name. 


Unfavorable Characteristics 


The necessity for this auxiliary direct current is indeed un- 
fortunate, because direct current generators are difficult to main- 
tain. Hence, greater skill and maintenance are required for syn- 
chronous than for induction motor operation. Then, too, the 
starting characteristics of the synchronous motor are rarely satis- 
factory. The starting torque (that is, the twist or pull) cannot 
approach that of the induction motor; frequently necessitating 
expensive and complicated methods of holding the load off the 
motor until it has reached full speed. Fortunately, centrifugal 
pumps may frequently be started under no-load without incon- 
venience, which renders this deficiency of the synchronous motor 
of no real importance. 


Favorable Characteristics 


On the favorable side of the ledger, the synchronous motor does 
possess the ability to operate with a “leading” power factor, 
contrasted to the rather decidedly “lagging” power factor of the 
standard induction motor. As has been stated previously, many 
power companies offer a lower rate to consumers whose require- 
ments make permissible a desirable power factor. Where this is 
the case, the ability of the synchronous motor to operate at the 
“leading” power factor may have influence in the selection of the 
type of motor to be adopted. 

From the above, it can be seen why, for water works and sewage 
treatment plants, the use of synchronous motors is frequently 
advised against. They are only to be considered when exact speed 
is essential or power costs may be lowered appreciably by the 
favorable power factor. Even then, the engineer will do well to 
be certain that savings in power bills will offset the increased 
operating difficulties that are certain to be realized in the use of 
synchronous motors. 


Induction Type 


The induction motor differs from the synchronous type in that 
it requires no separate excitation, and its ability to operate at a 
variable speed, as contrasted to the constant speed synchronous 
motor. 

At no load an induction motor will run almost up to its syn- 
chronous speed. It should be understood that while the induction 
motor has no salient poles, the stator is wound to produce two, four 
or any even number of poles, just as is the stator of a synchronous 
motor ; hence it has a synchronous speed of 3600, 1800, 900 RPM, 
just as does the synchronous type. 

As the load on an induction motor is increased, the speed gradu- 
ally lessens until at full rated load the speed is reduced from two 
to four per cent of its synchronous speed. Thus a given motor 
may have a synchronous speed of 1200 RPM, a no load speed of 
1199 RPM and a full load speed of only 1170 RPM. If the load 
is further increased, the “slip” (as the loss of speed is called) 
will increase until a definite value is reached, at which point the 
motor will come to a stop. This load is known as the “pull-out” 
load. 


Favorable Characteristics 


Standard induction motors have very favorable starting char- 
acteristics, requiring relatively a small starting current and pro- 
ducing 200 or more per cent of full load torque. They’ are the 
most rugged and reliable of all motors. But while they will 
successfully operate under most adverse conditions, reasonable 
care should be taken to keep the air ducts and windings free from 
lint and dirt. The oil in the bearings must be flushed and changed 
at least once each year. 

Smaller and specially designed induction motors require no 
starting device, and may be started by applying normal full voltage. 
Larger motors require reduced voltage for starting, which is 
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usually obtained from auto-transformers, called starting compen- 
sators. Two coils, each on an iron core, are connected open-delta 
across the three-phase lines; a 40, 50 or 60 per cent tap is taken 
to the motors for starting. After the motor has started and 
reached a constant speed, the compensator is disconnected and 
full voltage goes to the motor. 


Variable Speed Motors 
The wound-rotor induction motor, for operating at variable 
speeds, is not so rugged as is the standard squirrel-cage type. It 
is more expensive and also usually less efficient. A misunder- 
standing of the speed characteristics of these motors has caused 
no end of trouble. We may gain a clear conception of the speed 
variation of the wound rotor, induction type motor if we think 
in terms of “slip.” As stated above, the standard squirrel-cage 
motor “slip” varies from virtually nothing at no load to about 
3 per cent at full load. With the wound rotor, external resistance 
may be added to the rotor circuit, the effort of which is to increase 
the slip. Hence, this motor will run at essentially constant speed 
at no load, regardless of the amount of external resistance intro- 
duced in the rotor circuit. But, as the load is applied, and the 
greater is the external resistance, the more rapidly will the speed 
drop off. ; ; 
Practically, this means that if we desire to drive a centrifugal 
pump at a variable speed, in order to vary the head and quantity 
delivered, we must first learn from the pump manufacturer both 
the speed and the horse-power required by the pump for each value 
of head-quantity desired. This data is then furnished the manu- 
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facturer of the motor who will design the external rotor resistances 
so that the various controller positions will connect the correct 
resistance to cause the speed to be that needed for the pump to 
operate under the desired condition. 

Since power is a product of speed and torque, it should be re- 
membered that less horse-power output can be obtained from a 
motor operating at a reduced speed than at its normal full speed. 
The reduction in motor output is approximately proportional to 
the reduction in speed. This fact should be considered at the time 
of purchase in order to be certain that the motor will not be 
excessively heated whea operating at any of the reduced speeds. 
The same resistors that serve for speed control are also used- for 
starting, hence no compensator is required as is the case for some 
of the standard squirrel-cage types. 


Motor Ratings 

The rating of most electrical apparatus such as motors, trans- 
formers, etc., is based upon the temperature rise that will occur 
when the device is operated continuously under normal full load 
and normal voltage conditions. Many manufacturers recommend 
a limit of fifty-five degrees centigrade rise, while other base their 
estimates upon a rise of only forty degrees. After all, this simply 
means that with a given motor rated at 100 HP, at 40 degree 
rise would be rated at 125 HP at 55 degree rise. All things con- 
sidered, it seems to be the consensus of opinion, and dictate of 
wisdom, that all important motors in water works and sewage 
treatment plants should be purchased for a guaranteed rise, not 
to exceed forty degrees centigrade. 





RAPID EMERGENCY METHOD OF THAWING HYDRANTS’ 
By E. E. JACOBSON 
Chief Engineer, Lexington Water Co., Lexington, Ky. 


One of the many worries of the water works man during the 
cold winter months is the problem of fire hydrant maintenance 
and their operation when the thermometer drops below freezing. 

Proper inspection and drainage of fire hydrants will eliminate 
most of the trouble but hydrants only a few days after inspection 
have been found to contain water in the barrel. As the weather 
turns cold the water in the barrel becomes ice and the hydrant 
will not operate. No doubt every water works superintendent in 
states that have cold winters has experienced frozen fire hydrants. 

The method used in Lexington, Ky., for a number of years as 
an emergency method of thawing ice from hydrant barrels is by 
pouring concentrated sulphuric acid into the hydrant barrel. Dur- 
ing the Fall each piece of apparatus of the Lexington Fire De- 
partment is supplied with a quart bottle of sulphuric acid (66% 
commercial). When the acid is used the Lexington Water Com- 
pany is notified and another bottle is sent to the fire station. In 
the Spring of the year these bottles are collected and fresh acid 
is issued each Fall. 

When answering an alarm and a hydrant is found to be frozen, 
the acid is poured into the barrel through the nozzle and a slight 
pressure put on the stem operating wrench. As soon as the heat 
produced by the acid drills a hole through the ice cake the hydrant 
is opened, flushing out the acid with the first gush of water. 

In frozen hydrants we have found that the ice forms first above 
the valve and in most cases it is doubtful if the acid reaches the 
valve because the stem turns and the water is. turned on as soon 
as the ice melts around the stem. 

The average time for thawing hydrants with acid is about three 
minutes although this would depend upon the thickness of ice in 
the barrel of the hydrant, and might vary considerably from the 
above time if very thick. 

The advantages from this method of thawing hydrants com- 
prise the ease of handling the thawing material on the fire trucks, 
the small space necessary on the trucks, simple to use, inexpensive, 
and the rapidity of results. Hydrants in which acid was used 
have been taken apart and no ill effects to the hydrant parts 
could be found. 

The effectiveness in the use of sulphuric acid for this purpose 
can be determined by the following letter from the Chief of the 
Lexington Fire Department: 


Mr. E. E. Jacobson, Chief Engineer 
Lexington Water Company, 
Lexington, Kentucky. 

Dear Mr. Jacobson: 

Relative to our conversation this morning, I am furnishing you 
with all the information that I have in regards to the use of 
sulphuric acid in thawing fire hydrants during extreme cold 
weather. 

In case a hydrant is found to be frozen, one of the caps of the 
hydrant is removed and a quart of acid is dumped into the 
barrel of the hydrant. The suction hose is then replaced on the 
hydrant, and in the majority of the cases the hydrant is thawed 
out by the time the suction is replaced, and the hydrant is turned 
on. The water and acid is allowed to flush out through the 
pumper or the hose, and we have found that little or no damage 
is caused by this action, due to the fact that the acid is neu- 
tralized by water to such a degree that it is harmless to the 
pumper or the hose. 

In some instances the acid is a little slow about thawing the 
hydrant, but in these cases it is usually in certain parts of the 
city, where the surface water seeps in the barrel of the hydrant, 
causing the hydrant to have more water than usual in the barrel, 
but as soon as these hydrants are found, your company has had 
them filled with alcohol, thereby eliminating this trouble. 

You will notice that we say that we replace the suction cz the 
hose to the hydrant before we turn on the water. This is done 
to prevent acid burns to members of the department and the hose 
and apparatus that is near the hydrant. The first spurt of acid 
and water from the hydrant would be dangerous to any thing 
that it touched, but by replacing the cap, the acid is diluted with 
the water to a point where it is practically harmless to any 
thing it might touch. 

It has required from two to eight minutes to thaw a hydrant 
with acid, where it usually requires about ten minutes to thaw 
<> hydrant with a regular thawing device, old style thawing 
evice. 

A test was made at fire department headquarters today. A 
fifty pound block of ice was used and one quart of sulphuric acid 
was poured into a hole in the ice. Ten minutes later a hole was 
burned in the ice eight inches deep, six inches wide and ten 
inches long. Of course, this was a little longer than it would 
have been in a hydrant, due to the fact that acid will follow the 
stem of the hydrant and penetrate into the ice faster than it did 
during the test. We have found the use of sulphuric acid for 
thawing hydrants to be most satisfactory. 


C. J. Henry, 
Chief, Lexington Fire Department. 









HILL-HUBBELL and COMPANY 


DIVISION OF 


GENERAL PAINT CORPORATION 


STEEL PIPE PROTECTION for Water Mains and Supply Lines 
CLEVELAND, OHIO 


The HILL-HUBBELL* 


PROCESS of STEEL PIPE 
PROTECTION is ona 
MACHINE APPLIED PRO- 
DUCTION BASIS .... 


BITURINE AKWALINE ASSURES HIGH “C’ FACTOR 


BITURINE AKWALINE ENAMEL is melted and 
heated in mechanically agitated and thermostati- 
cally controlled bitumen kettles. For lining STEEL 
PIPE, the duration of heating is kept to a minimum 
by the rapid application to the inner surface of the 
horizontally positioned power rolled or spun pipe. 


The feed line placed at the bottom of the pipe, dis- 
perses the flow of hot enamel in quantities sufficient 
to build up a multiple application thus covering 
and protecting the inner wall of the pipe with a 
smooth, resilient surface. 


BITURINE ENAMEL COATING and KRAFT PAPER WRAPPING 


BITURINE AKWALINE PRIMER is the first 
process in the protection of the pipe surface. Rap- 
idly rotating weighted bristle brushes force the 
primer into every irregularity of the steel structure. 
BITURINE AKWALINE COATING—AND— 
WRAPPING is also machine applied; again mini- 
mum duration of heating is attained by exception- 
ally rapid application—After the second coating is 
applied there are no skips, holidays 


STEEL PIPE HAS MANY 
OUTSTANDING ADVANTAGES 


For many years STEEL PIPE has been 
used for water mains—lIt is particularly 
applicable, because of its shatter-proof 
strength, flexibility, ductility, long 
lengths, lower installation costs and 
greater enduring capacity. With HILL- 
HUBBELL MODERN methods of pipe 
protection applied to it, it gives long 
service at low maintenance cost. 


SMALLER THAN 23%" O.D. 
CEMENT LINED STEEL PIPE 


A specially designed pipe to replace 
non-ferrous tubing smaller than 23%” 
O.D. is CEMENT lined steel pipe. It 
is prepared with the same high quality 
Coating-and-Wrapping as the larger di- 
mension pipe. 


or bubbles, the felt wrapper is applied by 
flooding the inner surface with the hot coat- 
ing, before it is wound on the pipe under fixed 
mechanical tension. Another coating is applied 
before the protective cover of 80 lb. Kraft 
Paper is spirally wound in place. HILL-HUBBELL 
AND COMPANY printed on the Kraft paper cov- 
ering stamps it a product of worthy CRAFTS- 
, MANSHIP. 


COATED-= 
WRAPPED— 
AND— LINED 


HILL-HUBBELL 
PIPE PROTECTION 
MEETS A.W.W.A. 7A. 6 


COATING — AND — WRAPPING — 
AND — LINING with BITURINE 
AKWALINE PRIMER AND ENAM- 
EL complies fully with A.W.W.A. 
Specifications 7A.6. , 











DETERMINING THE CONDITION OF MAINS 


How to Watch Your “C” Line for Friction Losses 


By D. R. TAYLOR 
Plant Superintendent, Water Department 


Roanoke, Virginia 


HERE are men who report to their physicians regu‘arly 

for physical examinations. These men are not concerned 

about the surface of their anatomy—they can see that; they 
want to know the trend of that part of their “human plant” that 
is under the suriace. 

Among other things, they want to know the friction loss in 
their circulatory system, and if an increase of this friction is 
causing a diminution of capacity and a corresponding dissipation 
of power. They are anxious to take immediaate and proper 
remedial action if the friction is building up too fast and capacity 


is falling. 
How Are Your Water Arteries? 


Realizing that probably 80% of the worth of your water works 
“anatomy” is represented by its “arteries,” also hidden under the 
surface, leads to the question—How old are your water supply 
arteries? And I do not mean in years, but in the matter of “old- 
ness” in terms of that all important criterion—friction build up 
and failing capacity. Only if you are watching your “C” line 
will you know; otherwise you can only be guessing. 


How to Find Out 


The “C” Line I refer to is no other than the important line to 
show the status and trend of the coefficient of friction of pipe 
lines which you have frequently heard referred to as the “C” 
value of mains. 

Determination of the “C” value derived from the famous 
Williams & Hazen ‘formula may sound formidable and difficult 
but it really is not and I hope to be able to convince you of as 
much by showing how relatively simple it is to secure the needed 
test readings on a length of main and derive therefrom the “C” 
value (friction coefficient). In short, how you can answer the 
question—Hew old are your “arteries” ? 

This type of work is not only interesting but is full of surprises. 
It is the most positive and effective method of determining the 
necessity for reducing the friction in these important arteries and 
the need for treatment to prevent corrosion. Then, afterwards. 
what the results of such treatment are. Likewise, if there are 
advantages to be gained in the use of lined pipe. Finally, as an 
added guide in planning future developments and additions. After 
you have selected and tested sections of representative mains, you 
will have enough curiosity to make a second test within six 
months, after which an annual check-up is usually sufficient, de- 
pending upon results obtained. 

The computations necessary are not as intricate as the average 
water works operator seems tc think they are. You need not 
worry about being “rusty” in the use of a slide rule and un- 
familiar with logarithms. You do not need to have a dizzy spell 
when you see the formidable looking formulae. 


A Simple Method of Finding "C" Values 


Herewith is a tabulation of diameters and areas of both pit 

cast and super deLavaud Cast Iron pipe which is self-explanatory, 
and, although “slipped off” on a slide rule, is sufficiently accurate 
for the work. I am also enclosing a data sheet presenting two 
logarithmic curves, the necessary formulae, conversion factors and 
explanation of symbols. These are all that I find necessary for 
ordinary purposes in solving flow problems. 
_In the upper right hand corner of the graph sheet are the 
simple formulae for determining quantity, velocity, and areas. 
Formula (1) in the center of the sheet is the original Williams 
and Hazen formula for the solution of velocity. It is more 
simply expressed in formula (2). Formula (3) is that employed 
in calculating these “C” values. Formula (4) is for the solution 
of “S,” which represents hydraulic slope or friction loss. Formula 
(5) gives the same value more simply. 


Procedure 


Suppose that you are testing a section of unlined pit cast main 
with a ncminal diameter of 10 inches. Say it is 800 feet long 
between pressure gauges, and that the measured rate of flow from 
the hydrant at the far end was 1036.8 gallons per minute. Let us 





say that the pressure drop between stations (shown by the dif- 
ference in readings of the two pressure gauges) was 7.13 Ibs./sq. 
in. This represents the friction loss (S) for the 800 ft. run be- 
tween these two points. 

Now, what is the coefficient of friction (“C” value) of this 
main? 

By reference to the formu'ae on the data sheet we will find 
that 

Q = 1036.8 g.p.m. 


1036.8 
Q = —— = 2331 cfs 
448.83 
Q 
V = ——and A = .5454 
(10” pipe table 1.) 
2.31 
V = —— = 4225 ft./sec. 
5454 


The hydraulic radius of 10” pipe 
R = .2083 (from table). 
Friction loss (hydraulic slope) 
S = 7.13 lbs./sq. in. (for 800 feet). 
Convert to feet loss 
= 7.13 x 2:31 = 16.47 feet. 
Per foot of main: 
16.47 
S = —-— = .0206. 
800 


Now for the formula: 
T 


es —- in which 
13 ee se 
R°® —_ .2083°'* 
Although shown in the table, this value can be secured from the 
graph as follows: On the base line, we locate .2083 (R). From 
this point, move vertically up the sheet to intersect diagonal “B” ; 
thence horizonally to the vertical axis, where we find 0.372. 
Therefore .2083° is 0.372. 
In a similar manner, by intersecting diagonal “A,” by following 
up the .0206 (S) line from the base, we find: 
S** =: (0306"") = .128. 
Therefore; according to the formula, 
4.225 
C= . = 70.3. 
1.318 x .372 « .1225 
In use of formula (5), by employing cure “A” “in reverse,” any 
number raised to the 1.85185th power can be had. 
For instance, using the above values in formula (5) 


4.225 1.85185 
SsS= ( ) = liae™ 
1.318 « 70.3 « .372 


Find .1225 on the vertical axis, move horizontally to the right to 
diagonal “A” and then drop down to the hase line, and we find 
.0206. 

Therefore; S = .0206. 


In order to be as brief as possible this explanation may require 
a little close study. However, the information should prove suffi- 
cient for fairly accurate evaluations. 

Let me warn you though to caliper the hydrant nozzle through 
which the rate of flow is determined. Contrary to the common 
assumption, this diameter is rarely exactly 2% inches. 

If, after you have pursued this task for a while, your enthusiasm 
becomes more acute and the magnitude of your study warrants it, 
you might purchase two calibrated precision altitude gauges to 
replace your pressure gauges and a K. & E. log-log duplex 
decitrig slide rule, which is not nearly as difficult to use as you 
might think. With the use of the log-log scales on this rule, 
you can accurately and quickly determine the fractional powers 
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or roots of numbers, and the decimal points are shown in each Hazen formula) will be a good investment. With any great 
case. Furthermore, if all of this eventually leads to a complete volume of hydraulic computations to be done, the answers can 
comprehensive study of your entire distribution system, the pur- be rapidly determined with one of these rules, which is just as 
chase of an hydraulic siide rule (bases on the Williams and easy to use as the ordinary slide-rule. 




























CAST IRON PIPE DIMENSIONS 
and Hydraulic Radius Values 

















TABLE 1. 
Nominal Actual Standard Dimensions 
Standard Dimensions Super Delavaud 
All Cast Iron Pipe Pit-Cast Class B Class 150 | 
Diam. Ft. Unlined Cement Lined Unlined Cement Lined 

Nominal Area Diam. ( ~— ) Area Diam. Area Diam. Area Diam. Area Diam. 
Diameter Sq. Ft. Feet 4 :™ Sq. Ft. Feet Sq. Ft. Feet Sq. Ft. Feet Sa. Ft. Feet 
2... en 1667 0417 135 0218 1667 0192 1562 kagtiae os eek ae 
fF ces See .2500 0625 175 0532 .2600 .0490 2495 .0539 262 0495 251 
y" .3. See 3333 0832 .209 0915 3418 0825 3240 .0920 342 082 322 
Gr cs. dee 5000 1250 .270 .2060 5120 1890 4900 .207 513 .190 492 
SC ..03. mee 6667 1665 324 3520 .6690 3300 6490 367 685 346 .663 
10”... Saar 8333 2083 372 5420 8300 5150 8100 562 8465 536 826 
12”.... .7854 1.0000 .2500 417 A8LS .Y960 7500 .9760 812 1.016 780 596 
14".... 1298 1.1667 2917 460 1.065 1.1640 1.005 L332 1.152 1.212 1.100 1.180 
IG’... Loe 1.3333 3330 500 1.398 1.3320 1.332 1.302 1.500 1.382 1.440 1.352 
is’... LS 1.5000 3750 539 1.768 1.5000 1.700 1.470 1.890 1.550 1.820 1.520 
, ere 1.6667 4167 576 2.182 1.6670 2.100 1.635 2.340 1.725 2.250 1.692 
BE cus eee 2.0000 5000 647 3.142 2.0000 3.060 1.972 3.350 2.062 3.25 2.035 
30”.... 4.909 2.5000 6250 744 4.880 2.4950 4.720 2.451 Ant tthe cant brates 

36°... Fae 3.0000 .7500 834 7.080 3.0000 6.840 2.958 





e - vy? 
Loss of Head Through Valves and Fittings —=0.7 ft. Applied to 90 degree bend head loss is 0.25 x 0.7 


Burns and McDonnell 2g 
( me = 0.18 ft. For a tee 1.25 x .7 = 0.87 ft. 
To determine loss of head—Assume flow (Q) to be 5 cu. ft. (Note—Recent correspondence with the producers of this 
sec. through a fitting of 12 inch diameter. From Q—AV the chart cites valves for check valves far in excess of the 0.5 in- 
velocity (V) = 6.4 ft. per sec. From the chart, velocity head dicated—Ed.) 
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TRANSITE PRESSURE PIPE — TRANSITE SEWER PIPE 





TRANSITE PRESSURE PIPE... a brief discussion of how this 


asbestos-cement pipe can help you provide more efficient 


water service at lower cost— 














A SUMMARY OF TRANSITE PIPE’S 
OUTSTANDING CHARACTERISTICS 


MADE OF ASBESTOS AND CEMENT — Transite 
Pipe is built up under tremendous pressure on a 
polished steel mandrel to form a homogeneous 
structure of great strength and uniformity. 


RESISTANT TO VIBRATION—By virtue of its flex- 
ible joints, Transite Pipe is resistant to the shock 
and vibration of traffic; authoritative reports from 
abroad indicate the ability of flexibly connected 
asbestos-cement pipe to withstand indirect bomb 
shock with little or no effect on the performance of 
the line. Simplex Couplings divide the line into a 
series of flexible links which relieve the line of high 
flexural stresses and which have been found to 
localize damage in the case of direct hits. 


EACH LENGTH RIGIDLY TESTED—FEvery length of 
Transite Pipe is individually tested to four times its 
specified rating in a hydrostatic test machine. In those 
sizes where flexural strength is important, each length 
of pipe is also subjected to a beam test. 


HIGH CARRYING CAPACITY — Because of its 
smooth interior, Transite Pipe provides an un- 
usually high flow coefficient, C—140. 


CANNOT TUBERCULATE — Because it is non- 
metallic, Transite Pipe can never rust or tubercu- 
late. As a result, delivery capacity can never be 
reduced by this internal corrosion — expensive 
cleaning to remove tubercules is never required. 


HIGHLY RESISTANT TO CORROSION — One of 
the important advantages of Transite’s asbestos- 
cement composition and unusually low free-lime 
content is high resistance to corrosion — inside, 
outside and all the way through. Thousands of in- 
stallations attest to Transite’s durability in all kinds 
of soils. 


TIGHT FLEXIBLE JOINTS—Composed of a Tran- 
site sleeve and two rubber rings, the Simplex Coup- 
lings used in Transite lines provide unusually tight. 
yet flexible joints. 


UNIFORM STRENGTH — Transite Pipe is made in 
a wide range of sizes and in pressure classes of 
50, 100, 150 and 200 Ibs. Its method of manu- 
facture and test procedure assure absolute uniformity 
in the finished pipe, thus permitting engineers to 
take full advantage of various pressure classes to 
meet varying pressure requirements along the line. 


EASILY INSTALLED — Transite Pipe is furnished 
in long, 13-ft. lengths. Relatively light in weight, 
they are easily handled and installed. Simplex 
Couplings are assembled quickly and easily, even in 
wet trenches — a simple hydraulic coupling puller 
is the only tool required. 














for an extension or replacement of existing 
lines or the installation of a complete new 
system—careful consideration should be given 
to the basic factors contributing to the eco- 
nomic life of the pipe. For example: 
DELIVERY CAPACITY ... 

Waterworks engineers generally agree that 
a water main, even though it remain structur- 
ally intact, may completely outlive its economic 
usefulness over a period of time. This point is 
reached when the pipe will no longer carry, 
economically, a sufficient volume of water to 
meet demand. Such a condition may arise from 
characteristics inherent in the pipe itself, from 
increased demand or from a combination of 
these two causes. Thus, in designing water 
systems, the engineer is faced with the 
responsibility of anticipating and solving these 
problems. 

To compensate for expected reductions in 
carrying capacity, specifications often call for 
larger sizes of pipe than would otherwise be 
necessary. However, there is another, more 
fundamentally sound solution. In J-M Tran- 


[T° SELECTING a water pipe — whether 


LIQUOR 


One of the hundreds of American Municipalities, where Transite 
Pipe is providing unusually efficient, economical water service. 
Transite’s speed of assembly reduces the time trenches must be 
open—minimizes traffic congestion and inconvenience to business. 





















© JOHNS-MANVILLE 











Because it is immune to tuberculation, wherever used, Transite 
Pipe assures an abundant supply of water through the years with 
low pumping costs. 


site Pipe, engineers find basic advantages that 
permit them to specify the most economical 
pipe sizes with full assurance that delivery 
capacity will not be reduced by tuberculation, 
the internal-corrosion which, even when pres- 
ent in relatively small degree, greatly reduces 
the carrying capacity of ordinary pipe. 

Transite Pipe is an asbestos-cement product. 
During manufacture, it is built up on a polished 
steel mandrel that imparts unusual smoothness 
to the interior wall. Its flow coefficient is con- 
servatively established at C = 140. This means 
that Transite water lines start with an excep- 
tionally high carrying capacity. 

Transite’s freedom from _ tuberculation 
means that pumping costs stay low, for pres- 
sures need not be increased to compensate for 
a steadily decreasing flow coefficient and result- 
ing loss of head in the line. Not only does this 
advantage provide worthwhile operating econ- 
omies, but in many cases it also permits the use 
of smaller diameter pipe with resultant savings 
in all the numerous items that go to make up 
the original cost of completed water lines. 

SOIL CORROSION .. . 

Broadly speaking, most soil corrosion engi- 
neers agree that there are two principal forms 
of soil corrosion — chemical and_ electro- 


chemical. 

Chemical corrosion is caused by the direct, corrosive 
action of acids and salts encountered in the soil. Tran- 
site Pipe, due to a special process of manufacture and 
treatment, is virtually inert to concentration of acids and 
salts ordinarily found in soils. Free lime which might 
generally be expected in cement products, has been 
largely converted to insoluble silicates due to the method 





Over 62,000 feet of 10-inch to 30-inch Transite Pipe were used on 

this water collection and transmission system. Because of its light 

weight and speed of assembly, the pipe was laid as fast as the 
trench was opened. 


of manufacture. A comparison of the two curves in the 
diagram below shows the high degree of insolubility of 
Johns-Manville Transite Pipe. It is for this reason that 
Transite is so highly resistant to all forms of chemical 
corrosion. 

Electro-chemical corrosion is caused by the electro- 
lytic action between ordinary pipe and materials in the 
soil. This action is similar to that of a simple electric 
cell. In this case, the materials in the soil represent the 
positive pole; the soil moisture, the electrolyte, and the 
pipe wall serves as the negative pole. The current 
generated passes from the pipe to the positive pole and 
causes a gradual disintegration of the pipe structure. 

With Transite, however, this condition can never 


0.325 
0.3 
0.275 
0.25 


RESULTS OF LEACHING TESTS 
0.225 (1) TRANSITE PRESSURE PIPE 


(2) PORTLAND CEMENT (NEAT) 
0.20: 
0.175 
0.150 
0.125 


0.100 


0.075 


GRAMS OF Ca O PER 400 C.C.OF SOLUTION 


0.050 


0.025 





/ 

NUMBER OF CYCLES 
The chart above represents a series of leaching cycles 
for both pulverized Transite Pipe and neat cement. The 
small amount of free lime extracted from Transite Indicates 
that for all practical purposes it may be considered insol- 
uble—one of the major factors responsible for its unusual 

resistance to soil corrosion. 
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occur, because being non-metallic, Transite is a non- 
conductor—therefore absolutely free from electrical 
corrosion. Furthermore, this asbestos-cement pipe is 
immune to electrolysis caused by stray electric current 
from high voltage lines, streets, railways, etc. 

The successful performance of Transite Pipe in all 
kinds of soil and under many varying climatic condi- 
tions provides practical proof of its high resistance to 
corrosion—inside, outside and all the way through. 


JOINT LEAKAGE... 

Numerous surveys have shown that leaky joints are 
responsible for a considerable portion of total water 
losses from underground mains. Generally recognized 
by waterworks men as a serious problem, joint leakage 
not only results in a direct waste of water but, by wash- 
ing away supporting soil, frequently causes pipe to 
fracture under traffic and earth loads. 

Much of this trouble is caused by the fact that the 
ordinary rigid joint, even though perfectly made by 
skilled workmen, may open up when subjected to 
vibration or settlement after the line is in service. 

Such potential losses are minimized with a flexible 
joint. And that is the principle upon which the Sim- 
plex Coupling, employed in assembling Transite Pipe, 
was designed. Consisting of a Transite sleeve and 
two rubber rings, it forms a tight joint that stays tight 
in service. Its flexibility compensates for vibration and 
for vertical, longitudinal and lateral movements to 
which the pipe may be subjected underground. Depend- 
ing upon the size of the pipe, a deflection of as much as 
5° is possible at each joint. 

From a practical standpoint, the less skill required in 
assembly, the less the danger of defective joints in 
the field. The dependability of the Simplex 
Coupling is due primarily to these distinctive 
features: 

1. It is actually a pre-fabricated, “packaged” joint. 
The ends of each pipe and the inside of each coupling 





Simplex Couplings Assembly (1) at start of operation (2) sleeve 
pulled over one ring, (3) final position, sleeve centered over joint, 





With Simplex 
Couplings tight. 
ness of the joint 
can be determined 
from the outside 
as soon as the 
Pipe is laid. A 
thin steel blade, 
slipped under the 
lip of the sleeve, 
checks the posi- 
tion of the rubber 
ring. If the posi- 
tion is right, the 
joint is tight. 





are machined to specific dimensions. The rubber rings 
are precision-made and subjected to rigid inspection 
before shipment. Joints are assembled cold—no pour- 
ing, caulking or heating equipment is needed. A simple 
hydraulic coupling puller, loaned by Johns-Manville 
without charge, is the only tool required for assembly. 

2. The effectiveness of the joint does not depend on 
the individual skill or training of the workmen. So 
simple is the operation that perfect Simplex joints can 
be made quickly and economically even by unskilled 
crews. 

Made of Permanent Materials. The Transite sleeve, 
like the pipe itself, is made of asbestos and cement and 
has the same high degree of resistance to all forms of 
corrosion. The rings, made of the highest quality 
rubber, are carefully cured and specially compounded 
with anti-oxidents and properly graded non-hygro- 
scopic fillers to assure permanence in water service. 


INSTALLATION ... 

One of the major factors contributing to initial cost 
of a pipe line is the time and equipment required for 
installation. 

Transite Pressure Pipe offers primary advantages 
that help speed up installation and cut costs. The 
long, 13-ft. lengths are relatively light in weight. 
Two or three men can easily lower 8 inch pipe into 
the trench by hand. In fact all but the very largest 
sizes can be handled without the use of mechanical 
equipment. 

Simplex Couplings are assembled cold just as they 
are received from the factory. Wet trenches present 
no problem for no heating or caulking equipment is 
required. And the complete assembly is completed in 
much less time than required by ordinary types of 
joints. 


WRITE FOR COMPLETE DETAILS 

A detailed discussion of the economic factors con- 
tributing to efficient, low-cost water lines is given in 
the Transite Pressure Pipe Brochure, TR-11A. The 
76-page “J-M Pipe Installation Manual,” D. S. 332, 
outlines effective methods of installing water lines 
and includes much more data on Transite Pipe and 
the Simplex Coupling than was possible to include on 
these pages. For detailed data on making repairs to 
transite lines damaged by enemy action the booklet, 
“Transite Pipe—Repair of War Damage” will be found 
helpful: It is profusely illustrated and contains numer- 
ous diagrams and data pertinent to the maintenance of 
flow in the event of hostilities. For your free copy of 
these three books, write to Johns-Manville, 22 East 
40th Street, New York, N. Y. 
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iN YOUR SEWAGE DISPOSAL SYSTEMS - - - 
Transite Sewer Pipe offers fundamental advantages that help reduce 
the cost of sewer line construction, maintenance and operation. 


TRANSITE PRESSURE SEWER PIPE 


Pressure Sewer Lines are very similar in operation 
to water lines and must meet the same general service 
requirements. In addition, the pipe must be highly 
resistant to the corrosive action of the sewage. Transite 
Pressure Sewer Pipe, which is made of the same dur- 
able asbestos-cement composition as Transite Water 
Pipe, described on the preceding pages, meets all these 
requirements and provides highly satisfactory service in 
systems of this type. 


TRANSITE GRAVITY SEWER PIPE 


Gravity Sewer Lines offer a number of specialized 
problems which Transite Gravity Sewer Pipe meets 
eminently well. For example: 


INFILTRATION— 


It has been authoritatively estimated that as much 
as 25% of the contents of the average sewer is ordi- 
nary ground water that enters the system by infiltra- 
tion through the joints. And it costs practically as 
much to treat this water at the disposal plant as it 
does to treat sewage itself. Furthermore, in many 
cases, engineers must allow for this huge quantity of 
water by specifying a larger diameter pipe than would 
otherwise be necessary. 

With Transite Sewer Pipe, however, the infiltra- 
tion of ground water presents no serious problem. 
Transite’s long 13-ft. lengths cut down the number of 
joints in the line, thus reducing the danger of infiltra- 
tion right at the start. The poured sleeve joints em- 
ployed in Transite lines are unusually tight and stay 
tight in service. The jointing compound is the highest 
quality, unfilled asphalt which, when set, provides a 
strong, flexible joint that is highly resistant to cracking 





Transite, the corrosion-resistant, asbestos-cement sewer 
pipe, answers every requirement of efficient sewerage 
service. Its long 13-ft. lengths make laying to exact grades 
a quicker and more accurate job. And the tight joints 

employed minimize infiltration. 





or shrinkage. As a result, Transite Sewer Pipe lines 
have considerably less infiltration than that allowed by 
most specifications. 


CARRYING CAPACITY 


One of the most important factors in any sewer line 
is carrying capacity. All other things being equal, the 
relative carrying capacity of two or more types of 
pipe is best indicated by their flow coefficient. If, for 
example, the inside of the pipe is rough and uneven, 
the flow velocity is low and carrying capacity is greatly 
reduced. A smooth pipe, however, has a high flow 
velocity and a correspondingly high carrying capacity. 

Transite Sewer Pipe has an unusually smooth in- 
terior surface, its conservative friction coefficient when 
installed at the usual sewer pipe grade is N=.010. This 
high carrying capacity results in savings that can be 
taken in one of two ways. Flatter grades may be 
employed during installation — reducing the depth of 
the trench and making installation a faster, more eco- 
nomical job. Or, when the usual sewer pipe grade 
is maintained and deep trenches present no problem, 
Transite’s high flow velocity often makes it possible 
to use a smaller diameter pipe without reducing the 
desired carrying capacity of the system. 


OTHER CONSIDERATIONS 


Resistance to corrosion, structural strength and ease 
of installation are, of course, other important considera- 
tions in the selection of sewer pipe. 


Because of its asbestos-cement composition and its 
unusually low free lime content, Transite Sewer Pipe 
is highly resistant to the corrosive action of all types 
of domestic sewage and most industrial wastes—inside, 
outside and all the way through. 


Transite Sewer Pipe is furnished in sizes from 4” to 
36” in Class I, from 10” to 36” -in Classes II and IIT 
and from 18” to 36” in Class IV. Each class of pipe is 
made to a specific crushing strength, thereby providing 
for the selection of the most economical combination of 
classes of pipe to meet the specific strength requirements 
of the line. 

The long 13-ft. sections in which Transite is fur- 
nished eliminates many of the difficulties in installa- 
tion common to ordinary short length sewer pipe. Rela- 
tively light in weight, these long lengths cut down han- 
dling costs. More footage may be carried per truck load 
to the trench and fewer men are needed to install 
the pipe. These long lengths also reduce the number 
of joints that must be made and thus save consider- 
able time and labor. In addition, long lengths greatly 
facilitate laying the pipe to an accurate grade. 


It will pay you to get further details about this mod- 
ern sewer pipe. Brochure TR-21A presents them in 
brief, quickly read form. The “Transite Sewer Pipe 
Installation Manual” D.S. 342 gives val- 
uable information and tabular data perti- 
nent to installation problems. Write for 
these from Johns-Manville, 22 East 40th 
Street, New York, N. Y. 
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PUMP POUNDING CORRECTED BY SIMPLE "AIR SNIFFER" 





By D. R. TAYLOR, Plant Superintendent 


Roanoke Water Department, Roanoke, Virginia 


PHE annoying dull pounding on the accentuation of pulsations, 
as the lesser of the two evils in the operation of piston 
pumps, is usually the result of a deficiency of air in the cushion 
chamber on the discharge end of the pump. 

To eliminate this deficiency it is not necessary to go to the 
expense of installing an air compressor. The troub!e can be 
eliminated much more inexpensively by the installation of a 
simple anti-“pulsationitis” gadget which we have dubbed our 
air “sniffer.” The accompanying sketch pictures the installation 
which should be made from readily procurable parts, as follows: 

There is probably a plug or a drain pipe in the bottom of your 
pump casing. Install a % in. line (A) from this point to a point 
slightly above the top of the air chamber with a renewable seat 
globe valve (B) in this line. The length of a nipple below the 
top of it is a good location. 

At the top of this line, install a tee (C) with the side outlet 
looking down, and after drilling and tapping the top of the air 
chamber, connect one end of this tee to the top of the chamber 
with another globe valve (E) and a check valve (D) between 
the tee and the chamber. This check should open for a flow 
toward the chamber. 

At the other end of the tee, install a 6 in. nipple and another 
check valve (F), also set for a flow toward the chamber. Com- 
plete the line with a short nipple, a 90 degree elbow, and a 
length of % in. pipe dropping almost to the floor. This is done 
so that any drippings from this line will be near the floor and, 





Sketch showing the method of installation of the “sniffer’zon% triplex plunger pump 


therefore, will not spatter your pump room and equipment. 

Then purchase from your local mill supply dealer a gauge 
glass (GG) and install it on the side of the air chamber for an 
easy and quick determination at any time of the quantity of air 
in the chamber. 

When the air needs replenishing, open valves (E) and (B) 
and the pump will do the trick automatically. On the up or suc- 
tion stroke of the pump plunger, check valve (D) will remain 
closed, check valve (F) will open, of course, and air will be 
drawn into line (A). On the down stroke, check valve (F) wil] 
close and check valve (D) will open. The charge of trapped air 
will be forced into the air chamber. 

Let me warn you, however, that this little gadget is much 
more vivacious than you might at first suspect. Only a few 
minutes are required to fill the chamber and, if the “sniffer” js 
allowed to operate too long at one “sitting,” you may experience 
the annoyance of having too much air, possibly to the extent of 
aerating your transmission or distribution main. With a little 
experience, you will soon be able to determine the necessary 
frequency and length of time to operate the “sniffer” to satisfy 
your particular conditions, and then you can cross off another 
item from your headache list. 

We have successfully operated one of these gadgets on a five 
million gallon per day steam pump and one on a nine hundred 
thousand gallon per day motor driven triplex pump for a num- 
ber of years with perfect satisfaction. 


* 



























THE NATIONAL WATER MAIN CLEANING 


COMPANY 


Contractors for Cleaning of Water Mains 


22nd Floor, 30 Church St., New York, N. Y. 


BRANCHES 


115 Peterboro St., Boston, Mass. 

910 William-Oliver Bldg., Atlanta, Ga. 
7103 Dale Ave., St. Louis, Mo. 

406 Florida Theatre Bldg., Jacksonville, Fla 


3812 Castellar St., Omaha, Neb. 

205 W. Wacker Dr., Chicago, III. 

501 Howard St., San Francisco, Calif. 
2028 Union Ave., Montreal, Can. 











NATIONAL 


METHOD 








THE METHOD 


The National Method of water main cleaning consists of pass- 
ing a machine through the main which removes tubercles, 
incrustations and deposits from the pipe lining. This machine is 
either water-propelled or cable-drawn through the water main. 
Thorough cleaning can be accomplished by this method at the 
rate of approximately 50 to 100 ft. per minute, in sections of 
from several hundred feet to several miles depending upon 
conditions. a, 

Briefly, the method involves cutting the pipe in two places, for 
entry and exit of the cleaning machine, inserting the machine ; 
placing a riser pipe at the exit through which first the muddy 
water and then the machine emerge; propelling the machine by 
pressure or by cables through the pipe; finally shutting off the 
water, removing the riser pipe, and reconnecting the main. 
The total time required for shutoff of water in any district is 
five to seven hours. In an emergency, the pipe can be temporarily 
made up and service resumed. The work can be done at night 
if desired. 


THE RESULTS 


The National Method is guaranteed to restore the carrying 
capacity of pipe to at least 95 per cent of that of new main 
(The actual result is usually very close to 100 per cent.) 

The National Method gives you: 


1. Greater delivery 
Lower pumping costs 


Reduced insurance rates 
Clean water 


awh 





When a Pipe Lining Is Tuberculated to This Extent, the Frictional 
Resistance to Flow Is Considerable. 





20” Main in a Midwest City Before Cleaning. 


LET US CLEAN OUT YOUR CLOGGED MAINS 


National experience makes satisfactory cleaning cer- 
tain. National men know how to meet and overcome 
unforeseen difficulties that may arise. 





Machine Arrives at End of Run After Cleaning 30” Main in St. Louis 


Information regarding any of the 


hundreds of successful cleaning 


projects will be supplied upon request. 





























































FLEXIBLE UNDERGROUND PIPE-CLEANING CO. 


A DIVISION OF FLEXIBLE SEWER-ROD EQUIPMENT CO. 





9059 Venice Boulevard, Los Angeles, Calif. 


401 BROADWAY, NEW YORK e 


1624 HARMON PLACE, MINNEAPOLIS’ e 


PICKWICK BLDG., KANSAS City 
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A New, Low Cost Method of Keeping Water Mains Clean 


- A SIMPLE CLEANING OPERATION 


through risers located at 


ab Ste yee sae" 


strategic points — using 


"FLEXIBLE" tools 








Operation 

Inclined risers are installed at certain selected locations. 
These risers terminate in a concrete lined surface box with 
manhole cover and are normally plugged with a special 
“Flexible” plug. During cleaning operations a metal gate 
is inserted at the lower end of the riser to guide the flow of 
“cleanings”. A Flexible sewer-rod is threaded down one 
riser, along the main and out through the prepared riser. 
A Flexible cleaning unit then drawn through the main forces 
out the accumulated scale, sediment and any other deposits 
which may have formed in the main. Flexible engineers will 
be glad to specify the proper locations for the inclined risers. 





Advantages 


Installation of 
avoided. 


new pipe or relining due to clogging is 


The cleaning operations can easily be handled by the normal 
maintenance crew. 


The operation is simple, quick and economical. 


Full main capacity is easily maintained for the full life of 
the pipe. 


The water main system is kept in a more sanitary condition. 


Compare these estimated costs, based on 50-year cost of operation—6-in. pipe: 
I1—NEW PIPE—$3.00 per ft. + 2% per year for interest on investment. . . . $6.00 per ft. 
2—RELINING—$1.00 per ft. + 2% per year for interest on investment. . . .$2.00 per ft. 
3—OCCASIONAL CLEANING by NEW, FLEXIBLE METHOD............. 40c per ft. 





Underground Pipe Cleaning by “Flexible” Contract 


Water Supply Systems 
Refineries 

Railroads 

Process Industries 


The Flexible Underground Pipe-Cleaning Company operates 
in all sections of the country. Contracts are accepted for 
the cleaning of any kind of underground pipe. Our work- 
manship and responsibility are attested by customers whose 
names will gladly be furnished on request. 





THE PRESSURE 


LINE SCRAPER 




















WATER MAIN CLEANING 


Some Recent Experiences and Results 


By WM. S. STAUB, Engineer 


West Virginia Water Service Co. 
Charleston, West Virginia 


E HAVE just completed main cleaning projects at three 

of our properties in this state. This, our first adventure 

in this kind of main restoration, will serve as index of 
merit of the process. We have definitely raised the flows and 
pressures in those mains that have been cleaned and, in cases of 
the transmission mains, the pumping cost per million gallons has 
been reduced. 





complaints from consumers are not soothing melodies to a super- 
intendent’s ears. Consequently, everyone suffers from the effects 
of tuberculated pipes. 


Locating the Trouble 


When a main is suspected of being tuberculated, or when we 
find that the operating head on a pump is much greater than the 
static head plus the calculated friction head 
ne for new pipe, it is time to find the trouble. 
The distribution main is isolated in such 
a manner than all water going to a certain 
area must pass through the section of pipe to 
be tested. Then, in the early morning hours, 
the calibrated pressure gauges are placed 
along the line and a hydrant is opened at the 
end of the line. The amount of water is 
measured with a pitot-tube, the pressure drop 
is recorded and the loss per 1000’ or the 
value of “C” is determined. (For details 
of the method see “Hydrant Discharge 
Measurements,” page 183. Reference and 
Data Number of Water Works and Sewer- 
age, May, 1939.) 

We admit this method of determining “C” 
is not as accurate as secured by Pitometer 
tests, but we feel that a reasonably accurate 
value is obtained if precautions are used. In 
the case of transmission mains, by determin- 
ing the efficiency of the pumping equipment, 
static head, operating head, power consumed, 





“Jacking-In” Operation 


About half of a cleaning tool jacked into an 8-in. main, It will travel under its own 


“steam” by main pressure turned in behind it. 


The purpose of this paper is to present our ideas of main 
cleaning, why we clean mains, what results we have had, the 
cost per foot to clean; to give a general description of the pro- 
cedure and to observe what happens in a cleaned main. 

In years gone by, when there was no water treatment or when 
the practice was in its infancy, beyond taste and appearance other 
characteristics of the water were given little thought. Therefore 
the distribution system suffered, due to lack of knowledge of 
corrective treatment. Th edeposition of the 


water pumped, it is possible to get a very 
good check over any period. (For “A Simple 
Method for Checking Pump Efficiencies” see 
page 445, November, 1939, Water Works and 
Sewerage.) 


Cleaning Procedure 


The largest pipe which we cleaned was 10” cast iron. The 10” 
and 8” pipe was cleaned with the pressure cleaning machine, which 
uses the water pressure to push the device through the pipe. This 
machine (see pictures) is about 6’ long, composed of five cutting 
heads and two pistons. The heads are “vertebrae” upon which 
are attached, around the circumference, the cutting blades. The 





solids and the tuberculation reduced the area 
of the pipe and, therewith, the amount of 
water that would flow through the pipe un- 
der pressure available. Consequently, today, 
when there are complaints of poor pressure, 
‘or when increased fire flow is in demend, we 
are faced with the problem of main replace- 
ments or improvement of existing mains. Al- 
though the exterior of the pipe is usually as 
good, practically, as the day it was installed, 
the interior may present a scene comparable 
to the stalagmites and stalactites of the east- 
ern caverns. If such choking deposits can 
effectively be removed from the pipe and the 
carrying capacity appreciably restored there 
will be a great savings over replacements, 
— though the latter be necessary eventu- 
ally.. 

A dirty main is definitely a liability. From 
the operating standpoint a dirty transmission 
main consumes many kilowatt hours of power 
due to the added friction. Kilowatt hours in 
turn cost money, which in turn increases op- 
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erating expenses, A dirty main is a great 
handicap to the fire departments, due to in- 
sufficient quantities of water. Poor pressure 





The “Carrier” 
A rod with leather piston cups is used to thread cable through 4-in. and 6-in. mains. 
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blades are of spring steel. There are two 
flexible “pistons” from which the ma- 
chine gets its drive. There are adjustable 
ports through the pistons, which we can 
set to control the volume of water pass- 
ing the machine for sweeping the debris 
ahead and, at the same time, to prevent 
the machine from moving too rapidly. 
Closing the ports naturally gives added 
driving power for the tougher jobs. The 
pistons and cutting heads are on a flexible 
spring and cable type of shaft. Its flexi- 
bility will allow the machine to pass a 
standard 90° bend. Contrary to the belief 
of many, the machine does not take on any 
spiral or whirling motion in its travel. 


Cleaning 8 and 10 Inch Mains 


The main is isolated and a section of 
pipe is removed at the point of beginning. 
This section should be long enough to 
give ample working room for inserting 
the machine. The machine is then jacked 
intothe pipe (see cut) and the pipe per- 
manently jointed either by solid or Dresser 
sleeves. At that point at which we wish 
the machine to emerge the pipe is again 
cut. A short section is removed and bell 
and spigot fittings are used to rig a riser. 
Usually this is done with a 45° bend and 





























Dollar Losing Debris 


Some of the 1% tons of solid material 
swept out of 3,976 ft. of 10-in. transmission 
main, 

million. 


to reduce pumping cost $2.37 per 
(See accompanying tables of data 
and costs.) 































The Safety Winch 


Pulling cleaning tool through a 4-in. line. 

In such operations the debris collects in 

the ditch, which is dewatered with the small 
portable pump alongside. 




















































A Small Line 


“Make-Up” 
In which the “carrier” with threading cable 


attached has been inserted in 4-in. main 


and is ready to travel. 


a short piece of pipe. The joint need only be juted and chained. 
The purpose of the riser is to discharge the debris on top of 
the ground, rathre than in the trench. When the riser is rigged 
the pipe is all ready. The valve on the main is opened slowly 
tu secure the proper amount of water and the machine begins 
to move. The machine generally moves about 100 feet per minute 
and it is possible to follow its travel through the line, as the 
water passing the pistons and the scraping blades is audible at the 
surface. Generally the water emerging from the riser will only 
be colored until the machine gets within about 300 feet, then the 
water is thick and black. The solid material may issue from the 
pipe like sausage, if the encrustation is marked. In the case of the 
3900’ of 10” line in South Charleston (W. Va.) there was an 





estimated one and one-half tons of solid material which came 
from the pipe. The machine will generally lodge in the riser pipe 
due to so much debris, and has to be helped out. When the ma- 
chine has reached its destination (after only one trip through 
it: most cases) the riser is dismantled, the main flushed, jointed, 
and placed in service. 


Cleaning 4 and 6 Inch Mains 


In the case of 6” mains, where they are not so dirty, these 
may be cleaned by “pressure shots” as described for larger sizes 
of pipe. In one case where the pressure was low a booster pump 
was used to supply increased pressure for a 6” “pressure shot.” 
However, generally 6” mains must be cleaned the same way as 
4” pipe, which I will now describe. 


In cleaning 4” mains the section to be cleaned is isolated and 
the main opened at both ends. At the beginning point a small 
cable is attached to a “carrier” and inserted into the line. The 
“carrier” is a short rod with leather pistons. The main is then 
jointed at this point with a portable coupling known as a “make- 
up.” This “makeup” has a gland in the top through which the 
small cable may be fed. The water is then turned on behind and 
the water velocity takes the “carrier” and the small cable to the 
other end of the pipe. This small cable is then used to pull the 
big cable back to the point of machine insertion. The makeup is 
removed, the cleaning tool clamped to the large cable (see cut), 
the main permanently jointed, the water pressure turned on, and 
the cleaning tool is pulled through the pipe by a gasoline driven 
winch. This process is much slower than the pressure method 
and great care must be exercised to prevent breaking the cable 
and losing the machine. In this case a very slow speed is used. 
The winch automatically releases the clutch when the tension or 
pull becomes too great. This generally happens when the cleaning 
tool caught some joint lead or a bad obstruction. When the 
et tool emerged the main was flushed and permanently 
jointed. 


Obstacles Encountered 


In pressure cleaning the drive of the machine is dependent 
upon the velocity of the water acting on the pistons, and in the 
event the machine encounters a cross increasing on the branches 
it will generally stop. In other words, in cleaning an 8” pipe, .if 
at an intersection an 8 x 10 inch cross is present the machine will 
hang. This is due to the pistons expanding and allowing the water 
to pass it instead of driving the machine. 


If the wash water passing the machine is not sufficient to carry 
the debris ahead the machine will be fouled. We encountered one 
8” main in which the machine would move a short distance, then 
stop. After the wash water had moved the material ahead the 











‘ne would move again. This happened on a long line where 
oe eter was insufficient and blowoffs were too far apart. The 
machine had to re-run through this section and I am of the opinion 
that part of the debris was deposited behind the machine during 
the first cleaning. 

Short radius bends with valves on one side caused several cuts 
to be made. 
fficient pressure was a jinx on one job. We were cleaning 
a iO” main from the reservoir down the hill. The pressure at 
the point of beginning was only 17 pounds. Thus it was necessary 
to fill the line with water and bleed it rapidly at the bottom of 
the hill, thus creating a vacuum. When this was done it was then 
impossible to keep up with the machine. 


Poor joints were responsible for a number of worries—poorly 
juted joints where the lead had run into the pipe. There were 
chunks of lead removed weighing 50-75 pounds, old pump gaskets, 
coil springs, timbers, rocks and, in one case a piece of 1/2” pipe 
about 6 feet long. These had probably entered the system years 
ago when reservoirs were uncovered or when the pipe was laid. 














An Ounce of Obstruction; A Pound of 
Cure 


This section of 8-in. pipe didn’t look “too 

bad,” but results after cleaning showed that 

it was. Proof found in the accompanying 

tables of data, revealing the “before and 

after” story, is more convincing than many 
words about it. 


Discoveries and By-Product Values 


At Hinton practically the entire system was cleaned. As a 
‘result, the method in which tie-ins are made, the fittings, and 
location of mains were definitely established. I know that our 
superintendent there can now point out on the ground just what 
is at every intersection, because he made intersection cards ac- 
curately during the cleaning. 


There were cases when a pipe which was supposed to be was 
not and vice versa. Old valves were found. some with box and 
all gone, some with stem broken and some found partly closed. 


If anyone operating a water system, which has been in service 
for a number of years, attempts a job of main cleaning, he will 
probably be surprised at a great many things found. And, from 
the operating standpoint, the knowledge gained during cleaning 
of mains may well save a few nights sleep tc the superintendent. 


Conclusions 


We feel that our main cleaning jobs have done a lot of good. 
Those who have seen the mains before and after know that flows 
have definitely been improved. Just how long this pipe will remain 
clean is another question, but we expect to keep a close check on 
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the cleaned mains. In fact, we are taking daily samples at all 
points where we cleaned and are recording the pH, alkalinity and 
COz. Periodic flow tests will also be made to ascertain to what 
degree the main is tuberculating. We are trying to control our 
corrective-water treatments accordingly. 


We do know that the fire flows have been greatly increased and 
that once weak hydrants are again gushing brisky. On transmis- 
sion mains there have been definite and pleasing reductions in 
power consumed. 


Costs and Cleaning Data 


In the accompanying tables something of the data pertaining 
to cleaning operations and costs are presented for the benefit of 
those interested. 


TABLE 1—Charleston Main Cleaning 











Pipe Pipe Pipe ipe 
” - 10 "* 10”-8”** 
Item Kanawha St. Va. St. So. Chas. Nitro Line 
Contract of Cleaning.............. $134.80 $271.70 $397.60 $1,488.95 
CNS Lo eee 6.19 48.86 138.29 250.40 
SS 7 eee 65.86 186.80 188.14 888.09 
Total Cost 206.85 507.36 724.03 2,627.44 
Number of Feet Cleaned........ 1348 2717 3976 29779 
Cost per Foot $ 0.1535 $ 0.187 $ 0.1823 $ 0.0834 








* This cost does not include 8” temporary steel line which was laid. The 
rental of pipe, placing and removing cost $1,757.75 for 4200’. If this 
were added to the above the cost per foot for cleaning the 10” main 
would be $0.625. 

*“* The 10” and 8” main is a transmission main and was cleaned as one 
unit. Therefore there was no breakdown in cost. 


TABLE 2—Charleston Main Cleaning (Transmission Main) 





eqgnee % 








Feet of 6, “e 
Pipe Before After 
Location Size Cleaned Cleaning Cleaning 

South Charleston 10” 3,976 66 130* 
Nitro-Dunbar 10” 10,679 49 130 
Nitro-Dunbar 8” 19,100 oo) 126 
Charleston-Virginia St. .............. 8” 2,717 —- 138 
Charleston-Kanawha St. ............ 6” 1,348 — 115 





* Yielding an estimated savings in pumping cost (power) of $2.37 per M.G. 
for the South Charleston main. 


TABLE 3—Hinton Main Cleaning (Total Cleaning Costs) 


























































Item 30” ‘C.1. o° ¢.3. 6” C.I. 4” C.I. 
Contract of Cleaning -$177.40 $ 546.90 $255.60 $ 675.80 
Labor Costs ....... - 42.92 238.33 185.60 376.86 
Material Costs .... 44.25 245.54 189.30 301.96 
Total Cleaning Co .. 264.57 1,030.77 630.50 1,354.62 
Cost per Foot 0.15 0.189 0.246 0.20 

TABLE 4—Hinton Main Cleaning 
Ft. of Max. Min. Ave. <a — 
Pipe Pipe No. of Length Length Length Before After 
Size Cleaned “Shots” “Shot” “Shot” “Shot” Cleaning Cleaning 
10” 1,774 1 1,774’ 1,774’ 1,774’ —_ 128 
8” 5,468 9 1,072’ 215’ 608’ 48 126 
6” 2,556 7 675’ 189’ 365’ 80 117 
4” 6,758 14 965’ 36’ 482’ 45 122 
TABLE 5—Sutton Main Cleaning 
Pipe 6” Pipe 4” Pipe 4” 

Item Main St. | Town Hill South Side 
Contract of Cleaning........................ $177.00 $325.40 $487.50 
Material Cost 18.55 72.60 105.60 
Labor Cost 90.50 166.40 249.20 
Total Cost 285.85 564.40 842.30 
Number of Feet Cleaned................ 1770 3254 4875 
Cost per Foot $ 0.161 $ 0.173 $ 0.172 

TABLE 6—Sutton Main Cleaning 
ongee oqgee 
Ft. Pipe Before After 

Location Size Cleaned Cleaning Cleaning 
Main Street 6” 1,770 42 136 
Tom Hill sd 4” 3,254 68 118 
A UE vcccicicnccmincdmiseccs 4,875 71 117 




































COMPRESSED AIR FLUSHING OF SMALL MAINS 





By R. F. BROWN 


Plant Manager, California Water Service Co., Stockton, California 


ANY water systems in the older California towns, like 

Topsy, just grew without any suggestion of planning for 
the future. Stockton was no exception. As a consequence we 
found ourselves with a great many 2-inch lines in the thinly 
populated areas. 

We have for many years followed the practice of flushing 
small mains and all dead ends regularly by opening fire hydrants 
and flusher valves and simply allowing the water to flow from 
the main under normal pressure of 45 pounds until the main is 
apparently clear. Under this program all dead ends and all 
small mains are given ordinary flushing, approximately at inter- 
vals of every two months. 


This method, however, does nothing but freshen the water in 
the dead ends and small mains. In order to effect a more lasting 
cure for taste and odor complaints, we decided to try boosting 
the pressure in the main with air to attempt to break loose more 
of the troublesome algae and other deposited material that at- 
taches to the pipe wall. All of our dead ends, regardless of size, 
and at least every other block of our 2-inch lines have what we 
call flusher-risers installed for the convenience of our periodical 
flushing program—see sketch. 
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Riser CONNECTION TO 2” Main FoR FLUSHING 


pose and it is economical, because the equipment required is only 
a portable air compressor and an air storage tank to provide a 
volume of air under pressure. No expensive cutting of mains or 


A Self-Told Story 








First 90 Lb. Air Shot. 
(Note Extension Attached 
to Flushing-Riser) 


Air Lines Connected (This 
Time Through House Serv- 
ice at Curb Line) 


Air Flushing Operations 


Compressed air is put into the line through a service connection 
midway between two flusher-risers after we have first closed the 
shut-off valves on the intervening services. The valve on the 
flusher-riser is then opened. All water in the line is forced out 
through the riser, by air under 90 pounds pressure. As soon as 
the air has expelled all the water from the line it is shut off and 
water under our ordinary pressure is run through the line to 
sweep out, through the flusher-riser, all particles of scale, sand 
or foreign matter that have been loosened by the air “shooting.” 
We proceed in this manner alternately turning into the line air 
under 90 pounds pressure and water at 45 pounds until the flush- 
ing water leaving the risers no longer carries with it any scale 
or other foreign matter. 


This system is apparently successful in accomplishing our pur- 





First 45 Lb. Water Flush. 
(No Argument About Need 
to Eye or Nose) 


Clear Water (Shooting and 
Flush Repeated As Indi- 
cated) 


pavement is required and most jobs can be handled with a three- 
man crew. 

When we first started this system we cleaned 40,000 feet of 
line, mostly 2-inch, over a period of two months. The cost was 
from 60 to 90 cts. per hundred feet, depending upon the number 
of services which had to be shut off and turned on again. 

The success of this method of flushing is measured by the 
almost complete absence of the usual recurring taste and odor 
complaints from consumers served by mains thus treated. It is 
problematical how soon we will have to repeat this treatment, 
because from no consumer on the first line so treated has there 
yet developed a recurrence of complaints. 

A secondary result, not anticipated, is the increase in carrying 
capacity of the 2-inch lines brought about by the loosening and 
blowing out of a great deal of scale. Thus has resulted a reduc- 
tion in complaints of poor pressure as well as the taste and odor 
complaints. 


























































SCHRAMM, INC. 


PORTABLE AND STATIONARY 


AIR COMPRESSORS 


























Main Office and Factory - WEST CHESTER, PA., U. S. A. 


SELF-PROPELLED CRAWLER TYPE 





DELUXE WITH TOOL BOXES AND 


HOSE REELS 





FULL DIESEL ENGINE POWERED 








SALES OFFICES AND REPRESENTATIVES 


205 Emmon Avenue 
ATLANTA. GA........--.-- 273 Capital Avenue, S. W. 

30 E. 25th Street 
Broadway at Myrtle 
130 Needham Street 
298 Dewey Avenue 
0 W. Walnut Street 
2 Ohio Avenue 
1300 MeKinney Ave. 
Sixth & Acoma Streets 
6331 Tireman Avenue 


NEW YORK CITY, NEW YORK..... 90 West Street 


PORTABLE COMPRESSORS—AIl SCHRAMM Com- 
pressors are intended for heavy-duty, continuous ser- 
vice with minimum attention. They are suitable for 
service twenty-four hours per day and will perform 
such service with lowest up-keep and operating costs. 
The purpose of this page, therefore, is to present the 
standard types of SCHRAMM Compressors. Descrip- 
tions and data are necessarily brief but complete speci- 
fications and other information will be gladly furnished 
upon further request by any of the agencies listed 
above. 


TWO WHEEL TRAILER TYPE MOUNTING: A 
model that can be very easily coupled to car or truck 
and hauled at towing speed. 


SELF-PROPELLED CRAWLER TYPE: A complete 
No. 60 Crawler type compressor mechanically oper- 
ated under its own power. 


DELUXE WITH TOOL BOXES AND HOSE REELS: 
Provided with a universal trailer coupling or towing 
ring for connection to car or truck, for hauling at 
maximum towing speeds. 


SKIDDED FOR TRUCK MOUNTING: Can be easily 
loaded on a motor truck body for temporary use or for 
transportation. 


FULL DIESEL ENGINE POWERED: Cuts fuel costs 


and contributes to better performance and longer life. 


STATIONARY COMPRESSORS: “V” OR FLAT BELT 
DRIVE: They can be had with “V” or flat belt pulley, 
or without pulley, with and without cooling unit, or 
base. 


ON BASE WITH MOTOR: Belt drive assemblies are 
available for operation at standard speed or, at less 
than standard speed or where it is desirable to use a 
motor or engine of different speed. 


DIRECT “BUILT-IN” MOTOR DRIVE: Compressor 
and. motor are assembled rigidly and in perfect align- 
ment, and are mounted on a substantial steel type. 
closed base. 


ENGINE DRIVE STATIONARY—IN-LINE— 
SCHRAMM Engine Driven Stationary units are made 
available for those applications not reached by electric 
power service or where gasoline, oil, distillate or diesel 
power units are preferred. 


ENGINE BELT DRIVE ON BASE: Combinations of 
this type are assembled with compressor and power 
unit mounted on a steel frame, with “V” belt drive, a 
very compact and complete combination. 


NEW HAVEN, CONN........... 1881 Dixwell Avenue ST. LOUIS, MO 
WASHINGTON, DBD. G...........cceee. 1254 23rd St. 


ee ee 210 E. First Street Cs Pendwcendesvens 1516 Leavenworth Street 
INDIANAPOLIS, IND.....1900 Northwestern Avenue PHILADELPHIA, PA............ 3719 Filbert Street 
KMGKRVELLE, FEM... cccccccccee 817 Winona Ave. PHOENIX, ARIZONA............... 1401 S. Central 
LITTLE ROCK, ARK.......... 115 N. Spring Street git... 3 Sree 512 Columbia Building 
LOS ANGELES, CALIFORNIA.820 S. Santa Fe Ave. PORTLAND, OREGON...... 1233 N. W. 12th Avenue 
MEMPHIS, TENN............... 269 S. Front Street PROVIDENCE, R. I........... 750 Reservoir Avenue 
MILWAUKEE, WISC....... 4603 West Mitchell Street vee ng a ee 12 N. 15th Street 
MINNEAPOLIS, MINN.....514-520 Second St., S. E. SAN FRANCISCO, CALIF...... Folsom at {7th Street 
NASHVILLE, TENN........... 309 Seventh Ave., S. SEATTLE, WASHINGTON...1520 Fourth Ave., South 


tba bce epehe'6 see's 1325 Mackland Avenue 





“V"' BELT DRIVE 





ON BASE WITH MOTOR 





DIRECT “BUILT-IN” MOTOR DRIVE 





ENGINE DRIVE STATIONARY 
IN-LINE 





ON BASE WITH DIESEL ENGINE 





























































BINS, Storage 
BREECHING, Steel 
CHUTES, Steel 
FILTRATION PLANTS 
FLUMES, Iron and Steel 









GAS HOLDERS 
HOPPERS, Steel 
PENSTOCKS 


PIPE, Riveted steel 
PIPE, Welded steel 





CHICAGO BRIDGE 


Chicago........ 2198 McCormick Bldg. CORED «6 oes ctewsneeis York Street 
New York... .3390-165 Broadway Bldg. Birmingham....... 1586 North 50th St, 
Cleveland......... 2262 Guildhall Bldg. SI 6: 6.0ce4o.ceuals wiles 1646 Hunt Bldg, 


Plants in CHICAGO, ILL.; BIRMINGHAM, ALA., and GREENVILLE, Pa. 




































50,000-gal., 


WATERSPHERES 


however, have found 


modern appearance. 


50,000-gal., 
Mt. Palomar, Cal. 





75,000-gal., 
Granton, Wisconsin Watstonbury, N. C. 


highly functional construction. 
column provides an economical means of supporting 
an elevated tank. The plain plate surfaces are easier 
to maintain than the customary structural columns. 
Waterspheres have been installed in over 20 munici- 
palities in the past three years, in sizes ranging from 
40,000 to 250,000 gallons. 








100,000-gal., 
Madison, Wisconsin 


This relatively new elevated s:orage tank design 
has attracted wide public interest because of its un- 
usual shape. Engineers and water works operators, 
Waterspheres embody 
A single cylindrical 


ELLIPSOIDAL-BOT 10M ELEVATED TANKS 


This type of tank is buiit in standard sizes as shown in the accom- 
panying table. The tank diameter is relatively large and the depth 
shallow, reducing the variation in pressure between upper and lower 
water levels. Ellipsoidal-bottom tanks are available with two types 
of roofs; cone or ellipsoidal. Three typical cone roof tanks are illus- 
trated below, and four tanks with ellipsoidal roofs and bottoms are 
shown above and to the right. This design provides a pleasing, 





70,000-gal., 
Los Angeles, Cal. 


250,000-gal., 
Brawley, Cal. 





FACILITIES 


We are equipped to design, fabricate and erect all types 
of steel plate work, riveted or welded. When requesting 
estimating figures on tanks, state capacity, height to bot- 


tom for elevated tanks, and describe location. 


INFORMATION 


We are always glad to supply municipal officials and 
water-works engineers with complete information or esti- 
mating figures on any or all of our products. Address 
nearest office. There is no obligation on your part. 


50,000-gal. Montrose, Minn. 
ELLIPSOIDAL-BOTTOM TANK SIZES 





our 





200,000-gal., Hollywood, Fla. 




































Nominal Tank dimensions 
capacity, 
gal. D H B K 
40,000 20/0" 13’9" 5’0’ 18’9° 
50,000 22’0° 14’0° 56" 196" 
60,000 24'0° 14’0° 60" 200" 
75,000 26'0" 150” 66" 21°6" 
100,000 28’8" 16’0° to ad 23'2° 
125,000 28’8” 21’2° = 28°4" 
150,000 yo" 166" 8’6" 25’0° 
200,000 38’0° 17'6” 96" 27’0" 
250,000 40’0”" 20'0° 100" 30’0° 
300,000 41'0" 23’9" 10’3° 340° 
400,000 47'0" 292" 11’9” 3411" 
500,000 510" 24'3" 12’9” 37'0° 
600.000 54’0" 26'3" 13'6" 39’9° 
750,000 54’0”" 32’0° 18’0" 50/0" 
1,000,000 60/0" 34’0" a 54’0° 
2,000.000 80’0" 35’6" 26'0° €1'6" 





Height to bottom—any even foot. 





gas at 40 lbs. pressure at Sheboygan, Wis. 











This 50-ft. diameter Hortonsphere is used to store sewage 
























€3 IRON COMPANY PRESSURE VESSELS, Welded STEEL PLATE WORK 


ReeRR. ...o+ss4ees 5615 Clinton Drive Washington.....632 Washington Bldg. RESERVOIRS, Steel TANKS, Elevated Steel 
TERRE... ccce0es 1551 Lafayette g. San Francisco....... 1083 Rialto Bldg. RECEIVERS, Air ° 
Philadelphia.....1€44-1700 Walnut St. Havana............. 402 Edificio Abreu SMOKE STACKS pie “rags 

In Canada: HORTON STEEL WORKS, LIMITED, Fort Erie, Ontario STANDPIPES TANKS, Washwater 











Three large capacity Horton radial- 
cone bottom elevated tanks are illus- 
trated at the right. Capacities and 
locations are as follows (left to 
right): 500,000-gal., Holland, Mich.; 
1,000,000-gal., Tucson, Arizs.; and a 
1,500,000-gal. “‘Colonial” design unit 
installed at Hammond, Ind. 


nad onion Meta Hes A 


PS : RADIAL-CONE BOTTOM TANKS 

1 The radial-cone bottom design was developed to 
a Feed permit the construction of large capacity tanks with 
a small range in head. (See installations shown 









































above at Holland, Mich.; Tucson, Ariz.; and Ham- 
| mond, Ind.) Radial-cone tanks are of sound struc- 
Bi tural design. They present a pleasing appearance. 
i | Construction details such as tower bracing, hand 
Bed railing, etc., may be varied to secure the desired 
architectural STANDARD RADIAL-CONE SIZES 
KAN effect. The ac- 
companying Capacity Diameter Depth 
table indi- (Gallons) of Tank of Tank 
cates the pro- 500,000 61’ 25’ 
portions for 1339-000 76" 8” 25° 
; , , : 5’ 
the various 1,500,000 106’ 25° 
pitnititinedt., Ciansine ae, ae 500,000-gal.. Bristol, Penne. A booklet is available, showing numerous radial-cone 


bottom installations. Copies will be sent on request. 








RESERVOIRS 


Where natural elevations are available, flat-bottom steel reser- 
voirs provide efficient gravity pressure. They are built in standard 
sizes or special designs to meet your requirements, of riveted or 
welded construction, with or without roofs. 





Left: One of two 
2,300,000-gal. all- 
welded steel water 
reservoirs installed at 
Alhambra, Calif. 





WASHWATER TANKS 


We build ellipsoidal, radial-cone 
or special shaped tanks to give ex- 
actly the capacity, head, and pressure 
variation required for washing filters. 


SEWAGE GAS HOLDERS 


When gas from digesters at sew- 
age disposal plants is utilized, excess 
quantities produced during peak pe- 
riods can be stored advantageously 
under pressure in a Hortonsphere 
for use during off-peak periods. Hor- 
tonspheres are relatively small in 
size and pleasing in appearance. We 
also build conventional lift-type gas 





300,000-gal., ellipsoidal-roof, flat-bottom water storage tank at 


100,000-gal. wash water tank at 
. Michigan City, Ind. holders. Eden, New York. 
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PITISBURGH-DES MOINES STEEL CO. 


Tanks—Plate Fabrication—Structural Steel 


Sales Offices at: 3418 NEVILLE ISLAND, PITTSBURGH, PA... . 919 TUTTLE STREET, DES MOINES, IOWA 
. 1222 FIRST NATIONAL BANK BLDG., CHICAGO, ILL. 
. 625 RIALTO BLDG., SAN FRANCISCO, CALIF. 


ROOM 918—270 BROADWAY. NEW YORK . 
1223 PRAETORIAN BLDG., DALLAS, 


TEX. . 


In these tables we have compiled—in compact but 
complete form—data on steel reservoirs and on the 
various types of elevated steel tanks. For information 


Table I—Pittsburgh-Des Moines Standard 


as to the application of these various types of tanks, 
for designs, for specifications, or for estimates—write 
our nearest office. 


Hemispherical Bottom Elevated Tanks 



















































































e Tank Dimensions H = Height of Tower to Bottom of Tank Capacity 
‘ap 
in U.S D c Vv 
Gallons It St. in. | ft. in. | St. nm. | ft. in. | ft. in| ft. in.| ft. in.| ft.-in.| ft. tm. | ft. tn.| ft. in.| ft. tn.) ft. tn.) ft. an 
5,000 9 10 0/11 34711 3/18 9] 31 9] 38 3] 51 9] 58 9 72 9 79 9 93 9); 100 9 ee 
10,000 3 511] 1111]10 0}; 20 0} 30 0/| 40 0/ 50 0O| 60 0 70 0 80 0 90 0} 100 0 
5,000 3 011/ 1611710 0; 20 0; 30 0; 40 0; 50 0; 60 O 70 0 80 0 90 0} 100 0 
0,00 3 5 11 | 21111710 O0/] 20 0; 30 0; 40 0}; 50 OO}; 60 ¢ 70 0 80 0 90 0); 1 0 ° 
25,000 5 4 7/)1911]44 8/| 50 0; 69 8/75 O/..... 94 2 ) Barer ae Oe scsave MES: 
,00 5 8 5| 23 9144 8/| 50 0; 69 8|75 0O/..... 94 100 0 os 25 0 e000 eA 4 
40,000 7 Bet wit Bj ae ee , A 5 eae 9€ et , ernaig ae @ 0 sceeoe is hie 
50,000 9 Bay Ze Serr 55 0| 63 4/75 0} 8 4/9 00 0/111 8 20 0/| 128 4 148 4 
60,000 9 2 6/30 6] .. 55 0; 63 4/75 O}; 8 4); 91 § 00 0/111 8 20 0/| 128 4 148 4 
75,000 1 S hae OE cccée 55 0}; 68 4/75 O; 8 4/91 § 00 0; 111 8 20 0} 128 4 40 148 4 
100,000 4 we ee Me scone 50 O; 638 1/75 0; 79 7/9 00 0; 113 1 16 6/125 O 153 4 
150,000 28 42)|34 74546 6/ 5410); 63 2/| 75 O}; 8 4/9 3 00 0} 111 10 20 2; 128 6 40 148 7 
200,000 32 3 4/136 1145 9/ 54 1] 62 5/75 0} 8 4/9 3 00 0; 112 7 20 11 | 129 3 150 2 
250,000 32 1 4/45 4145 4/63 8/| 62 0; 75 OO; 8 4/9 00 0; 113 0 21 4/;129 8 | 142 8] 151 6 
300,000 36 8 4/42 5145 4] 53 8] 62 0; 75 0} SB 4/9 100 0}; 113 0 21 4/129 8] 142 9| 151 1 
400,000 40 0 0} 46 6] 44 6) 5210}; 61 2); 75 OO} 8 4; 9 100 0}; 113 10 22 2) 130 6] 138 10] 152 8 
prof oe4 Yr +4 : 4 : 43 6/ 5110/60 2/75 0; 8 4/9 00 O/| 114 10 23 21 131 61 139 10 | 154 7 
750,000 50 4469/«67 «C5 } rower heights Lay r—~ eon standesdiecd Ser these eapacitios and can therefore be built to suit the 
,000,000 50 62 0/73 9 requirements hb particular case 




















Table II—Pittsburgh-Des Moines Standard Hemi-ellipsoidal Bottom Elevated Tanks 














































































































Tank Dimensions H = Height of Tower to Bottom of Tank Capacity 
ye ay | D 
Gallons It. St. in. | ft. in. | ft. tn. | ft. tn.) St. im.) Jt. tn. | ft. in. | ft. in.| ft. tn.) ft. tn.) ft. in. | ft. tn.| ft. in. | ft. in 
25, 17 11 9)}15 6} 46 4] 51 8|71 4)]75 O| ..... 96 4 Ee creeee 26 ° coscce | cvccce 
30,000] 17 14 7/)18 6446 1] 51 5 > Blame Bi .cvicce 96 1 Se OT ccscce 126 e060 60 edeees Eh eseéee 
40,000] 21 mere Cera 8b esesse | suves | 2 | oe 97 5 me @t senene Oe gree prey Pore 
50,000] 22 13 2119 OF ....-. 57 2/65 6/| 75 0} 8 6) 93 10 00 0} 113 10 22 2] 130 6] 142 2] 150 6 
50 ,0€ 24 1210; 19 4] ..... 56 6410| 75 OO} 8 8| 93 2 00 0; 113 2 21 6j| 129 10 | 141 6] 149 10 
75,000] 26 138 61 20 SF cccee 55 10 | 64 2); 75 0} 8 2/92 6 00 0; 112 6 20 10 | 129 2/] 140 10| 149 2 
100,000] 28 Se Si ae BE ecccs 51 6| 64 7| 75 0} 81 1/93 O 00 0; 114 7 18 0} 126 6| 143 O| 154 10 
150,000] 34 1410 | 25 0446 9] 55 1/63 5/| 75 O} 8 7/] 9111 00 0; 112 1 20 5| 128 9] 140 6] 148 10 
200, 38 15 5| 27 0] 4611 |] 55 3| 63 7/| 75 O} 8 6] 92 0 00 0; 113 9 22 1/130 5] 143 OO} 151 4 
250,000] 40 1/30 O07 47 5 9 | 64 1/75 O-} 8 5| 93 9 00 0; 115 1 23 5] 131 9] 140 1] 153 1 
300,000] 40 23 11 | 34 0] 49 4/| 57 8 | 66 O} 75 O}| 87 4/|95 8 00 @/} 117 O 25 4/133 8] 142 O| 155 0 
400,000] 46 22 9] 3411] 48 10 | 57 2/| 65 6/| 75 O| 87 8} 96 O 00 0; 118 2 26 6] 134 10 | 143 2] 157 0 
500,000] 50 23 9) 37 07] 49 81 58 O| 6 4175 O} 81 2) 89 6 90 0/112 8] 121 1] 129 41 146 O|} 152 § 
600,000] 55 21 9/;39 7 
750,000] 60 22 4|42 4 
000;000 63 36 ; 7 : Tower heights have not been sta: dardized for th citi d herefore be built to suit the 
’ n or these ca) es and can therefo t 
250,0001 79 17 4/43 4 requirements in each particular case - “e 
1000} 70 37 8)| 60 0 
),000] 7 24 0; 50 O 
000,000}907 3°| 22 6] 50 0 





Table IV—Railroad Type Tanks 





































































































Capacity in Tenk Di oa 
a 
U.8.Gallons|_ D | B | Cc | T V_| H capactyy aoe 
50,000 | 22’-0” | 5’-10”| 9’-4” | 4’-4” |19’-6 in U.S 
75,000 |26’-0” | 7’-0” | 9’-0” | 5’-0” |21’-0” Gallons | D c Vv 
100,000 28’-0" | 7’-0" |11’-1" | 5’-7” |23’-8 ft. | ft. —tn.| ft. tn. 
150,0 34’-0” |10’-0” 8’-8” 6’-10” | 25’-6” 
200,000 | 36’-0" | 9’-0" |12’-11”| 6’-9” |28’-8"] Bi 1g 9 rt] 11 
250,000 |40’-0” |10’-4"” |11’-7” | 7°-6” | 297-5" | OU 17 | 12 7119 0 
275,000 | 40’-0” | 11’-11” |13’-9” | 7’-6” |33’-2” 19 3 1 | 20 6 
300,000 |40’-0"| 8’-7” |17’-11"| 7’-6” |34’-07| °% 21 3 1 | 21 1 
350,000 |44’-0” |14’-8” |13’-10”| 8’-0” |36’-6” 24 0 1 | 20 3 
400,000 | 46’-0" |12’-2" |14’-9” | 8’-8” |35’-7”| Order sin sie 3° 
500,000 |50’-0” |15’-0” |14’-6” | 9’-8” |39’-2” os | i4 2 | 24 4 
600,000 |55’-0” |14’-4” |14’-0” |10’-0” |38’-4” 36 | 15 j 34 2 
750,000 |60’-0" | 15’-11"|12’-7” |11’-6” |40’-0” 38 7 3 | 33 3 
1.000,000 |65’-0" |21’-8” |15’-9" 111’-0” |48’-5” 38 |23 111] 38 3 
’ “ 
Table V—Toroidal Bottom Tanks Table VI—Steel Reservoirs 
Capacity 
Capacity By Demee, «and, H in U.S. Diameter Height 
Gallons’ | V=20'0" V=25'0' V=30'0’ V=35' 0° Gallons ft. ft. . 
50,000 20 21 é 
St. in. | ft in. | ft in. | ft. in. 75-000 Hr 22 6 
100.000 26 25 6 
2 $18 31% S| 8 3 150.000 30 | 28 9 
105 4/1 94 O| 8 8] 79 2] Built 200,000 34 29 9 
115 2/102 9] 93 9] 8 8 to 250,000 38 29 9 
132 8/118 5|108 O| 99 11 | Order 300.000 42 29 3 
148 0 132 3 120 7 lll 6 400.000 46 32 6 
162 ©O| 144 #=§$1|131 411) 122 #1 500 000 50 34 ‘ 
pe sis Sli lis 63 750.000 60 | 35 9 
se 66) 18 5) 1 1,000,000 70 35 0 
1,500,000 80 40 3 
2,000,000 95 38 3 
2,500,000 110 35 6 
3,000,000 120 35 9 
4,000,000 130 40 9 
































ELEVATED STORAGE 


The Value of Elevated Tanks on Water Supply Systems , 
By CHARLES BROSSMAN 


Late Consulting Engineer,* Indianapolis, Ind. 


In many cities the advantages of elevated water storage has 
been recognized, usually with considerable return on the invest- 


ment. 

On closed water systems without some form of storage facili- 
ties, where centrifugal pumps are in service, the pumps are usually 
installed large enough to take care of peak loads. It is quite 
evident that, with a pump available to take care of such peak loads, 
on the lighter loads (especially at night), the pump drops off 
greatly in efficiency, as does the motor. Such day in and day out 
waste of power mounts to an appreciable sum as time passes, until 
losses overbalance the costs of providing storage on the system 
—in instances many times over. 


For instance: Assume a modern pump operating at full load 
efficiency of 70%, and motor at 90%. The unit will give a com- 
bined efficiency of 63%. This pump on the lighter loads, with a 
drop in efficiency of 50%, and the motor at 80%, gives a com- 
bined efficiency of only 40%, a difference between the two of 
23 points. 

It is readily realized that with such a condition recurring daily, 
the power consumption may be surprisingly increased for the 
year. Not alone such current waste, but if power is being pur- 
chased with a maximum demand charge on the motor size the rate 
will be increased due to this factor, for the reason that the pump 
motor must be large enough to take care of the peak load. On 
the other hand, an elevated tank will allow more yniform pump- 
ing, the pump and motor size can be reduced, thereby reducing 
the costly demand factor. 

Another very evident disadvantage is that pressure is lost imme- 
diately whenever pump service is interrupted for any of several 
possible reasons. In case of fire such is disastrous. In any case, 
the public served is paying a penalty in insurance rates where 
pressure storage is not available on the system. 


Furthermore, another advantage from elevated storage is that 
any pump on the line can be used at its maximum output, and 
with a correspondingly maximum efficiency. Pumps, therefore, 
can be purchased for use with elevated tank service over their 
maximum range of efficiency, with assurance that such efficiency 
can be realized in every day operation. 


Another advantage is uniform pressure. With an elevated tank, 
automatic regulating control is available, whereby the tank varia- 
tion in head may be kept within a few feet, thereby giving abso- 
lutely uniform pressures under all conditions of draft on the sys- 
tem. Particularly advantageous are elevated tanks in outlying 
districts, to reduce pumping costs and render better service pres- 
sures and flow. It is hardly necessary to indicate that more water 
will be used, in consequence, and a higher income enjoyed by the 
water utility. 


_ In considering the values of elevated tanks for water storage 
it is apparent that there are a number of advantages. 


Power Saving Case Records 


The first advantage, that of saving in power cost, is the most 
appealing and in practically all cases a considerable saving in 
power will result. As a concrete example we may take the experi- 
ence of a small plant in a town of 1,100 with which the writer 
is very familiar. 

The Town of Albion, Indiana, had a water consumption of 
approximately 50,000 gallons per day. In this case an elevated tank 
was installed, the total cost of the tank being approximately 
$7,200.00. The power used before installing this tank, on the 
closed system, was approximately 1 KWH for 530 gallons; after 
the tank was installed, pumping was approximately 1 KWH for 
1,050 gallons. This proved a spectacular attainment of cutting 
power consumption in half, but there are other Albions scat- 
tered over the country. 


In this particular case, the tank will be paid for in less than 
15 years by the saving in power bills alone. If the rate of con- 
sumption increases the time will be shorter, of course. 


Here is a point of considerable interest in this case. Albion 


* Excerpts from a paper written by Mr. Brossman shortly before 
his death. [ft was presented before the Indiana Section of A.W.W.A., 


has its own generating plant, and the total cost of power is 
considered at 3c per KWH, including all costs. A careful check 
on all costs and power used still indicates the investment well 
justified. One reason is found in the fact that fire protection is 
now supplied with the small 200 G.P.M. pump and the large 
steam fire pump is no longer maintained as a ready to serve unit 
with fire in the boiler. Steam, however, can be had from the 
municipal power plant in case of necessity, and the pump is still 
available. 

Another example is found in the City of Goshen, Indiana, where 
there has been installed a 500,000 gallon tank. The old plant was 
steam driven. About six years ago, the city installed a modern 
Diesel lighting plant, but only two of their deep well pumps were 
electrified at that time. The boilers had to be kept going at all 
times in the old steam plant, in order to have available suitable 
fire protection. In this case, a P.W.A. loan made it possible for 
Goshen to electrify its water works system. The city now has 
eight electric driven deep well pumps, and a new half million 
gallon tank. The loan by P.W.A. was,negotiated on the basis of 
— savings resulting from abandonment of the steam 
plant. : 

The cost of pumping for the old system on which boilers had 
to be kept up at all times, was given at approximately 8.3c per 
thousand gallons, which of course, was high, but the equipment 
was old, and used air lift pumps and double pumping, except for 
the two electric driven pumps. 


It is estimated that the actual electrical pumping cost would be 
in the neighborhood of 1.2c per thousand gallons, and total cost 
at 2.2c per thousand. To take advantage of the potential saving 
(about 6c per thousand) an elevated tank had to be installed. 

The old standpipe was not adequate for the demands, as the 
upper portion of this standpipe did not store very much water. 
The new elevated tank, of one-half million gallons, was installed 
some distance from the plant and on the opposite side of the city. 

The entire pumping equipment is automatically controlled, there 





RIN AS ga ye 





The 50,000 Gal. Tank of Albion, Ind. 
Will pay for itself in less than fifteen years. 
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being two automatically controlled pumps at 
the tank site (about 1.5 miles from the main 
station), and six automatically controlled 
deep well pumps at the main station, each 
pump having a capacity of 500 G.P.M. Any 
pump can be manually started or stopped by 
push button control from the main plant. 


Results at Goshen 


Merle J. Miller, Superintendent and Man- 
ager of the Goshen plant, has made it possible 
for me to take the following from his report 
on the Goshen betterments. 

“With a stand-pipe of the small capacity 
that we had previous to the erection of our 
new elevated tank, our water circuits were 
only fairly stable, but since the additional 
storage capacity has been added to our sys- 
tem, it has made a wonderful change in our 
water pressure charts as there is more cush- 
ion and no surge anywhere along the line. A 
number of charts taken at the elevated tank 
location have been absolutely perfect from 
the standpoint of surges or variation in pres- 
sure. We found before, especially with the 
steam pumping equipment, that we could de- 
tect each pulsation of the steam pump, as our 
standpipe capacity, at that time, was not 
enough to cushion the whole system properly. 






prs 





Comparing the old system as against the new 
system for uniform pressure, there is a vast 
difference. From thefnew system, if given 
any attention at all, we get a chart of uniform 
pressure, with as liftie variation as one 
pound. 

“We also find a marked difference in the circulation of the 
water in districts where we had frequent complaints during the 
warm summer months against the warm stagnant water.” 

From the foregoing, it will be seen that in any plant that does 
not have an elevated tank. or if they have a standpipe of very 
small capacity, with very little water available in the upper sec- 
tion, the modern type of elevated tank, with all of the storage at 
the proper level, will almost invariably result in a financial saving, 
as well as give the other advantages which accrue to it. 


Concerning Fire Protection Requirements 


The relation of the elevated tank to fire protection is one of 
the important factors that should not be lost sight of. Modern 
elevated tanks, as compared to old standpipes, are much different 
for the available capacity for fire fighting facilities, as credit for 
water in a standpipe is only allowed for the top sections. Modern 
tanks, as now designed, keeps the water level to within a few feet 
variation, dependent more or less upon type of regulating control 
on the electric pumps. 

Fire flows should not te confused with the total daily flow or 
capacity. For instance: if a town has a total available supply and 
storage based on a 24-hour period the fire flow will usually be 
based on a 5-hour flow for communities of 2,500 and less, which 
means that they will need 4.8 times the average consumption 
capacity as storage capacity for fire. For cities above 2,500 the 
multiplier will be 2.4 times for fire storage, as against consumer 
use storage. Such is based on a requirement of capacity for not 
less than a 10-hour period of continuous fire flow. 

The fire flow requirements for average cities are given by the 
Underwriters, as follows: 


Required Flow 


Population (G.P.M.) 
ET Ce ee: Oe NN ee 1,000* 
I iaieirdicelaseasieibehinciinuietheitiahlliiesiitntasiNerbenbandieaihabocwpmiaig 1,500* 
A A ceninsinihstndihielpleeteligtinecsiclnatichenisanisshgenicgeninciiinneniitiaten 2,000 
ie tlaliscccnsateesnndiceedlinisiteninissiassevenicempeesipeciiagneatviioecniniaiind 2,500 

NS Biealatagcitilepnicieyr sven aesiinenriniegienialiocitaanipninsiienigunialiiiae ,000 
 Saliatentttactencige bisa tentinsintenndhberisiininesenianedeoeantaniiiattien 3,500 
I eaten bali inisiiersinatnssetaaoescinineniiagcniabaaacaii 4,000 

eR isa dardnecantelblenibnnetocen esi centashaiecclesoiabinientntia 4,500 

SE RAR isis dedoniicctaiggnijeninghticsiavicinintectinntnnddisiesouneand 5,000 

RE schdteedtiain tia inv teccingenieshiticineeeniciiednircesiinpstepeiertiytte detaionent 6,000 

Ey dininatletnecanlehdehescibiatpisnbesiainndlnaciaperininitesenitionniisttninmgel 7,000 

REE yepibicgedesenstpeartalilpaitvadeavncvniniaiesnotonidieiegneesmpbviniicuennanniciiatics 8,000 

I tahenaiatie thetic naa sihaaitnotcesninsiente ltiphdermesiindabhidasiatecineis 9,000 
*For 6 consecutive hours; all higher flows for 10 consecutive 


hours. 


Therefore. in selecting the tank the fire flow for the period 
required, according to population, is the primary consideration. 
To this must be added the domestic consumption. 








One of the Two 1,500,000 Gal. Tanks of Indianapolis 
A leafy green and silver structure which constitutes a study in “neighborhood- 


treatment” of water towers. 


This amount indicated is then balanced against the available 
low lift capacity of the pumps, such as wells or filters, also the 
ground storage capacity. The total low lift and ground storage 
capacity is then determined. 


The second step is to figure the high lift pump capacity and the 
elevated storage capacity. 


After these two quantities are known, they are compared to the 
required fire flow and domestic flow over the 5 or 10-hour period, 
as the case may be. This will then give the ideal condition in 
installed pumping capacity and tank size. 


In case these conditions are not met, if there is a deficiency in 
pumping capacity or storage on either the low lift and ground 
storage or high lift and elevated storage, this deficiency will be 
taken into account in the making of rates. 


It should be clearly kept in mind that the total 24 hours avail- 
able capacity is not what is considered by the Underwriters. They 
base the capacity wholly on the fire flows listed for the period 
of hours noted. 


Concerning Tower Heights 


The matter of pressure from elevated tanks should not be lost 
sight of, as various pressures are required for certain types of 
buildings, according to the size town and construction therein 


One of the outstanding tank installations in this country, is 
that installed by the Indianapolis Water Company. 


This large tank is located in the eastern section of Indianapolis, 
which is approximately 100 feet higher than their main pumping 
station. With this long line of pipe, and the ensuing friction losses, 
pressures were previously very low in this district. It was decided, 
after considerable study of ground as elevated storage, to erect 
an elevated tank with 1,500,000 gallons capacity to serve the 
approximately 64,000 people in this district. This tank has resulted 
in great improvement in pressure and supply, with an ensuing 
satisfaction to the water consumers. 


This tank is the largest one in the state of Indiana on a public 
water supply, the tank being 72 feet to the bottom, and with this 
large capacity, having a range of only 25 feet between the upper 
and lower water levels. As the result of benefits noted the Water 
Company is undertaking a tank of like capacity in another section.* 


In conclusion, I would state that there are many plants on 
which a study of water storage as well as pump efficiencies con- 
nected therewith, would result in a marked saving in the opera- 
tion of such plants. 


* Since the writing of this paper the second tank has been erected 
and placed in service. This installation, with the new Cathodic- 
protection system for safeguarding its interior against corrosion, is 
fully described in the November, 1939 issue of “WATER WORKS 
AND SEWERAGE.” 





R. D. COLE MANUFACTURING CO. 


Est. 1854 


Tanks, Towers, and Steel Plate Work 
NEWNAN, GA. 


5,000 TO 2,000,000-GALLON WATER TANKS 


All shapes and sizes—The R. D. COLE MANU- 
FACTURING CO. has developed a complete line of 
elevated steel tanks for water supply, both for 
domestic service and sprinkler requirements, ranging 


in capacity from 5,000 to 2,000,000 gallons. 


The designs include the standard Hemispherical 
a eno Bottom, the “Cole Ovaloid,” Stand- 
, pipe and many individual 
styles involving architec- 
tural treatment to satisfy 
local conditions, or to pro- 
vide special shapes for ad- 
vertising purposes. 


STORAGE TANKS 


Pressure tanks for storage 
of gas from digesters at 
sewage disposal plants so 
that excess output at peak 
loads can be used during 
off-peak periods. Chemical 
storage tanks, hot water 
storage tanks, tanks for 
bulk storage of oils and gas. 






















Designs Available for Any Service 


























1,000,000-Gallon "Cole-Shallow Depth" Tank 


CONSTRUCTION FACILITIES 


Fabricated Steel Plate—The R. D. COLE MANU- 
FACTURING CO. has a fully equipped plant for the 
fabrication of riveted or welded steel plate. In ad- 
dition to the construction of its regular line of hori- 
tubular boilers, oil storage tanks, 
the company is prepared to 


return 
tubular heaters, etc., 


zontal 


construct special tanks and apparatus of any speci- 
fied metal plate. 


Alloys and Lining for Processing Apparatus—The 
facilities and experience of the company enable it 
to fabricate special apparatus of all kinds for the 
processing industry using alloy steel plates, stain- 
less steel, nickel-clad steel, etc., or linings such as 
lead, tin, nickel or Monel. 













































































































ROSS VALVE MFG. CO., INC. © 


TROY, NEW YORK. 









AUTOMATIC CONTROL & PRESSURE REGULATING VALVES 
For Water Works and Fire Departments 


For accurate service, the automatic control and pressure regulating valves must be right as to 
type and size for the service required. Our W. R. Type, cast iron, bronze mounted valves 
in sizes from 4” to 30” are guaranteed for the services for which they are designed. 


Altitude Valves 
Single Acting 


Model 40 AWR— semi-throttling hy- 
draulic control to prevent overflow of 
tank, standpipe or reservoir or to 
maintain a positive adjustable head for 
washing and filtering operations. Pilot 
adjustment range—4 to 30 ft., 30 to 60 
ft., 60 to 150 ft. 

Model 30 AWR—wide open or closed 
hydraulic control to prevent overflow 
of tank, standpipe or reservoir. Pilot adjustment range 4 to 
30 ft., 30 to 60 ft., 60 to 190 ft. 

Other single acting altitude valves combine back pressure or 
relief valve and pressure reducing functions. 

Double Acting 

Medel 40 DAWR—to prevent overflow in tank or reservoir 
and to allow return flow to distribution system when head on 
tank side is three inches higher than head of distribution 
system. These valves may be equipped with Remote Hy- 
draulic and Electric Control. When required the return flow 
can be delayed for a predetermined pressure drop in distri- 
bution. Pilot adjustment range—4 to 30 ft., 30 to 60 ft.. 
60 to 150 ft. ; oy 
Other double acting altitude valves combine many additional 
features to prevent dumping of tank, to retain supply on off- 
peak loads and to make available maximum storage for peak 
load periods. Also a semi-throttling model for gradual clos- 
ing of feed line and for maintenance of adjusted pressure on 
the distribution side. Can be equipped with secondary pilot 
to close valve if break occurs in distribution system. 

Surge — Relief — Back-pressure Valves 

Model 50 RWR—Single Pilot, Electric 
and Hydraulic Control—for protection 
against excessive pressures in distribu- 
tion systems, supply lines and pump 
discharge lines. Installed in discharge 
line of deep well pump, provides con- 
stant back pressure to prevent over- 
drafting of the well. Pressure range 
on pilot—10 to 60 Ibs., 20 to 150 Ibs.. 
125 to 250 Ibs. 








Float Valve or Level Controller 


Model 50 FWR—External Pilot Oper- 
ated—to control main valve so that 
main stem operates wide open or 
closed. Pilot valve wastes to atmos- 
phere contents only of operating 
chamber each time valve stem rises to 
open position. Maximum inlet pres- 
sure, 175 Ibs. 


Model 40 FWR—External Pilot Oper- 
ated, Semi-throttling—for gradual clos- 
ing of valve during last three inches 
before overflow. 





All Ross Valves Repaired in Line: Internal Packing Replaced Through Top of Valves. 


Reducing and Regulating Valves 
Model 40 WR—Single Pilot, Hydraul- 
ic Control—to maintain constant de- 
sired discharge pressure regardless of 
rate of flow or pressure on upstream 
side of valve. As a pressure reducing 
valve, operates to: 
1. Control and regulate pressures in 
gravity and pumping systems 
2. Regulate flow between reservoirs 
and zones of different pressures 
. Regulate fire flows between zones 
of unequal pressures 
4. Regulate pressures in 
lines and aerator nozzles. 
Valves operate without waste of water 
to atmosphere and will not induce 
surge. Can be equipped with dual pilot 
to permit changing from one pressure 
to another by mere operation of a 
three-way cock for systems operating 
under different day and night pressures. 
Valves may be supplied with right- 
angle body. Pressure range outlet— 
10 to 60 Ibs., 20 to 150 Ibs., 125 to 250 Ibs. 


Model 40 WR—Single Pilot, Electric 
Remote Control—motor driven, geared 
to pilot adjusting tail screw, made with 
limit stops to prevent over-travel, and 
operated by push button switch. 


Ww 


filter wash 








Pressure Reducing and Reverse Flow Valves 


Model 50 WR—Single Pilot, Hydraul- 
ic Control—for installation at dividing 
line between two zones to reduce pres- 
sure from higher zone, to function as 
a sleeping valve, discharging into low 
zone at a time of excessive draft, to 
permit flow from low to high zone 
when excessive draft in high zone re- 
duces its pressure below that of the 
low zone as in case of fire. Pressure 
range outlet—15 to 60 lbs., 20 to 150 lbs. 
This valve may be equipped with dual 
pilot control to permit greater ranges 
in pilot control and to provide the as- 
surance which goes with duplication 
and stand-by units. 





FIRE DEPARTMENT SPECIALTIES 


Portable Fire Hydrant Head for Pressure Reduction—Internal 
Pilot Operated—for attachment to high pressure main; car- 
ried on apparatus to fire, one man can attach (110 lbs. weight) 
in 18 to 30 seconds, four 2%” hose connections delivering in- 
dependently from shutoff to full pressure and a fifth connec- 
tion 21%” to 3” delivering full pressure. 


Hose Valves for Pressure Reduction 
Fire Engine Relief Valves 















MAINTENANCE OF TANKS AND STANDPIPES 


By WILLIAM S. STAUB, Engineer 


West Virginia Water Service Co., Charleston, W. Va. 


HE elevated tank or standpipe is one of the most costly single 

items amongst above-ground structures of a water system. 
Yet as a general rule they receive the least attention and very 
little is done in the way of yearly maintenance to keep the valu- 
able units in first class condition. Tanks are generally located in 
inaccessible or out of the way places and the public is not afford- 
ed the opportunity to offer criticism of their appearance and fre- 
quently, deteriorated condition. The condition of an isolated tank 
will generally provide a good barometer as to the condition of 
the remainder of any given water supply system. A well main- 
tained tank represents to me that other structures and equipment 
comprising the system will be in good condition. 

A tank is located in a distribution system to 

1. Provide for peak demand. 

2. Provide for uniform pumping head. 

Peak demand may be subdivided into domestic, commercial, 
industrial and fire-demand. By providing some several hours of 
storage, we are able to operate with filtration plants, pumping 
equipment, etc., much smaller output capacities than otherwise. 
With adequate storage, properly placed in re- 


Sufficient anchorage is always used so that there will be no 
danger of the tank being overturned by a wind when emptied. 
In the event a tank is emptied, and there is any question as to 
sufficient anchorage provided, it is always a show of wisdom to 
guy the tank first. 


Miscellaneous Items 


There should be provided on every tank an overflow of sufti- 
cient size to carry the water away in the event the control system 
should fail. The overflow line should be designed to preclude 
chokage or air binding. Lands!ides and damaged property are 
expensive items and there should be no risks in the design and 
maintenance of adequate overflow facilities. 

Another very inexpensive item to be considered is a painting 
trolley. Rigging for cleaning and painting will be very simple 
with this adjunct, provided, and the work can be done cheaper 
and safer. A trolley will save many dollars in later years. 

In the shell of the tank, near the bottom, there should be a 
manhole of sufficient size to permit all material and equipment to 





spect to the system design, conservative uni- 
form output may be used which will make 
possible the performance and efficiency of 
pumping equipment at maximum economy and 
insured service expectancy. 


Some Basic Considerations 

Many maintenance worries may be eliminat- 
ed by considering basic principles when plans 
are being drawn preliminary to tank erection. 
Proper foundations, anchorage, maintenance, 
accessories, painting and rigid inspection will 
prevent many abnormal maintenance worries. 


Sufficient foundation should be provided that 
unequal settling and abnormal stresses in the 
tank may be eliminated. Heat, cold, wind, high 
and low water levels, all cause stresses in the 
tank that may tax the physical qualities of the 
materia!, without introducing those that may 
be prevented. The writer’s company has built YEAR 
five standpipes at Charleston during the last 
two years. The largest of these was a riveted a 
steel tank 100 feet in diameter, 52 feet high, 
with a capacity of 3,000,000 gallons. 1931 
1932 
193 
1934 

35S 
1936 

937 
1938 
1939 

940 
}941 
1942 
1945 
1944 
{945 
1946 
1947 
1948 


Foundations and Bottom Important 


All of these tanks have been constructed on 
foundations consisting of reinforced concrete 
rings. The foundations of these rings have 
been placed on rock and sufficiently anchored. 
The interior of the rings, upon which will rest 
the bottom plate of the tanks, have been built 
up of thoroughly compacted earth, capped with 
a 10 inch gravel mat and in turn capped with 
a 2 inch sand mat. The sand mat is always 
permitted to rise about 1 inch above the top 
level of the ring. This allows cushiened uni- 
form settling when the weight of the full tank 
is superimposed. At the bottom of the gravel 
mat we have placed a grid system of 1 inch 
and 2 inch perforated galvanized pipe. Short 
nipples of this grid project through the con- 
crete ring and are capped. After the tank 
has been constructed the voids in the sand and 
gravel are filled with cil through this grid sys- 
tem. In this manner it is possib‘e to keep pro- 
tective oil in contact with the bottom of the 
tank instead of water produced by sweating, 
rain or seepage, corrosively oxygen sdturated 1 


50 


The bottom plates of the tanks have been 
welded and we specify that an asbestos strip 6 
inches wide be placed at each lap. Over this 
strip and the entire bottom of tank “No-Oxide” 
[A] Special or a similar substance is placed. 
The asbestos strip prevents the burning. of the 








XTERIOR 





CONSTRUCTED [924 
BY Pith O74 Steel Lo. 
CAPACITY 00 000 GALLONS 





INT ERIOR|FOUNDAT RISER 


WesTr Vuecinia Water SEeVICE Co 
LMALLLLE,STOLL 


—~LQWDON LTA LS ZAMS. 














‘““No-Oxide” coating when the plates are being 
welded. 
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pass when there is to be any cleaning or painting on the interior. 

[It may also serve to save the lives of workmen as proved the 
case in a situation when a freshly coated tank caught fire in 
1938.—Ed.] 

An outside ladder should be provided so that the height of 
water in the tank may be checked, and the interior inspected at 
any time. Also, to permit the paint trolleys to be moved when 
there is work being done on the tank. If the tank is high there 
should be a safety-cage around the ladder and some provision at 
the bottom to prevent its becoming an attraction nuisance. 


Cleaning and Coating or Painting 

The item of painting is last but surely not least important. 
This item may cause a great deal of discussion. Different waters 
will act differently on the interior of tanks and varied conditions 
of atmosphere will affect the exterior differently. For a number 
of years we have used on our tanks prime coats of red lead and 
a sealer coat of aluminum paint. The results have been very sat- 
isfactory, but there are numerous coatings and paint producers 
who claim better results with other substances. Test specimens 
and time alone will prove the superiority of such substances. The 
3,000,000 gallon tank previously mentioned in this paper was a 
very expensive tank and due consideration was given to the con- 
ditioning of the plates and to the painting. For your information 
the following section taken from the specifications will show the 
decision on the painting. 

“The plates are to receive one shop coat of red-lead and the 
water side of all plates two field coats of red-lead of the follow- 
ing mix: 


TIN eo acy ss ais whi oe api or pdiely ap ate rn Daas 100 Ibs. 









up ete: dinte ee Fo Cats Gol ale Whe BPM aad hses. 0%: ly gal, 
ee po , , h e a ae 8 Ibs 
NE de ON B50 G Gdcin 6 4's Ee bb heen Vs ae ween ck ¥% gal. 


The outside of plates are to receive one shop cooat of red-lead 
and one field coat of red-lead of a mix of the following propor- 
tions: 


fe En eae ae eRe eee ok, 100 lbs. 
EE ECM ecco cpus ass sr cibie vale sieve weate etek ies 2% gal. 
Ns Saat awh tele eae cecscccccereceeeeneeeeesenscens 1 qt. 
EMNAIE pide aidraie. cielo ee NOSE Auten ieibin Sidle le Meee hace 1 qt. 


The outside of plates are to receive one shop coat of red-lead 
Aluminum Graphite Paint.” 


We believe that this is the best paint job ever applied on any 
of our tanks and we are using these specifications on all new 
construction and also on maintenance jobs. 


An Inspection System 


At the present time we have 6 elevated steel tanks and 13 steel 
standpipes at our different plants throughout West Virginia. We 
use an inspection and report system that will enable us to keep a 
close check on the condition of these tanks. From the annual re- 
port of the plant superintendent on the forms provided, and from 
our personal inspection we provide in the budget for any main- 
tenance that the tanks must receive. By this method it is also 
possible to keep a record showing the results obtained by the 
previous protection applied. 
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Cleaning Practice 


The cleaning of a tank is by far the most 
costly item in tank maintenance. It is 
worse than useless to paint an improperly 
cleaned tank. It has been our policy to 
secure a good clean metal before any 
primer is applied. There has been some 
difficulty and expense in doing so, but 
our experience shows that an improperly 
cleaned surface will blister and peel within 
a year after paint is applied. We are using 
at the present time an Aurand cleaning 
tool, operating on compressed air, that has 
given fine results. This tool weighs but 
74 pounds and is not burdensome to those 
using it. It is composed of a rotary cyl- 
inder on which circular blades are loosely 
fit. These blades are replaceable, and it is 
also possible to replace these scraping 
blades which wire brush wheels. The tool 


Lap Bors 6°¢.0. f 
can also be purchased to operate electri- 








cally. For further information the reader 
may write to Aurmand Mfg. & Equipment 
Co., Box 83, S. Y., Cincinnati, Ohio. 
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The most expensive single item in clean- 


on r ing is the tower legs on the elevated tanks. 
(Ours —— We P Due to the fact that the intricate lattice 
a9 Bors A’. | o> bars are spaced so close that it is difficult 
Se to clean properly with any form of tool. 

ie a. To properly clean a 35 foot tower leg costs 

1a f approximately $45.00. With four or six 




















legs, the cleaning cost of an elevated tank 
is unreasonably high. If we were to con- 
struct an elevated tank we would investi- 
gate thoroughly the possibility of using a 
single column for the legs. If this were 
not possible a plate would be substituted 
for the lattice bars of a built up member. 
The cost of the additional weight of steel 
would certainly be classed as a credit to 
maintenance. 


Apeles 7a ABC Sach 


Accompanying this paper are specimen 
record sheets of tanks, such as we use. 

I recommend “Standard Specifications 
for Riveted Steel Elevated Tanks and 








Specimen, Design Sketch Which Is Kept in Tank Binder with Inspection Record 


Sheets 





Standpipes,” published by the American 
Water Works Association, as a base for 
more detailed specifications. 
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Automatically 
maintain uniform 
water levels in 
tanks, standpipes, 
etc. 


Instantly adjust- 
ed to operate quick- 
ly or slowly. 

Cushioned by 


water and air, sizes 
Y4 to 24”. 





WATER STRAINER 


Large capacity with min- 
imum friction loss. Strainer 
basket quickly accessible and 
easily cleaned. Basket mesh 
furnished to suit any service 
conditions. Sizes to 24”. 
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GOLDEN-ANDERSON VALVE SPECIALTY CO. 


1350 Fulton Bldg. 
PITTSBURGH, PENNA. 





THRU-FLOW 
CONE VALVE 


Afford full pipe line 
flow without friction 
loss. Always oil lubri- 

cated. Axially unseats 
, before it rotates with- 


24 out friction, rub or 
.| p wear. Especially desir- 


p able for sewage dis- 
H posal service. 





WATER REDUCING 
VALVE 


Assures positive control 
of low pressure. Air and 
water cushioning prevents 
shock or hammer. Sup- 
plied with single or dual 
pilot controls for any serv- 
ice. Sizes to 24”. 


ALTITUDE CONTROL 
| VALVE 


Assures uniform water 
level in tanks, standpipes 
and reservoirs. Suitable for 
use in single or two-way 
line service. Heavy internal 
bronze mounting and air 
and water cushioning makes 
valve indestructible. Sizes 
to 24”. 





CONTROLLING FLOAT 
VALVE 


Ideal for heaters, vats, tanks, 
etc. Valve entirely self-contained 
and operates without water spill. 
Sensitive in operation and inde- 
structible due to air and water 
cushioning and heavy bronze 
mountings. Sizes to 24”. 





NON-RETURN VALVE 


Protect life and property 
against boiler tube ruptures ; also, 
furnished in Triple Acting style 
to protect against steam line 
breaks. Supplied for low and 
high pressure steam service. Sizes 
to 12” in angle, globe or elbow 
patterns. 





ENGINE STOP VALVE 


The most efficient and depend- 
able automatic stop valve to pre- 
vent overspeeding of turbines, 
engines, etc. Automatically 
tripped by mechanical or elec- 
trical control. Furnished angle 
or globe patterns to 12” sizes. 






































































WATER HAMMER CORRECTIVES 





By RICHARD BENNETT, Hydraulic Engineer 


City Engineer’s Office, Phoenix, Arizona 


IPE LINES subjected to sudden shock or recurring vibration 

due to water hammer, become weakened and operate ineffi- 
ciently. This destructive nuisance may also pull pipe hangers 
loose or create damaging leaks. 

Destructive water hammer may actually be present in water 
lines even where its presence is not indicated by violent ham- 
mering and noisy vibration. For the most part this fact is not 
generally realized or recognized. 


Cause of Water Hammer 


If flow in a pipe is suddenly stopped, the energy built up by the 
flowing water produces a high pressure which may result in a 
terrific impact. This is caused by the non-compressible liquid 
(water) rebounding in the supply lines. This rebound impact 
is due to the sudden stopping of water flow every time a faucet 
or valve is closed, Power for operating hydraulic rams, which 
force water many times higher than the static head on the power 
water supply line, is thus generated by intermittent quick closures 
of valves attached to the ram. 

In order to have conception of this force in small pipe, whet 
water hammer occurs the pressure is increased by about 60 pounds 
per square inch abeve the flow pressure for each foot per second 
of sudden decrease of velocity of flow. This means that if a flow 
velocity of 10 feet per second is stopped instantly, a maximum 
water hammer pressure rise of (10x60) 600 Ibs. per square inch 
may occur. This pressure is added to the normal static pressure 
at the point of impact. 

Destructive water hammer must be eliminated to avoid the 
nerve-racking noise from which the term is derived; to reduce 
stress in the pipes; to safeguard plumbing fixtures; to avoid costly 
leaks and repairs; and to prevent operating delays. 


Correctives 


Relief from destructive water hammer may be accomplished by 
relief valves, but these can be used only in special cases. Relief 
can be obtained by air chambers, but the difficulty of keeping 
air in the chamber makes this method impractical under many 
conditions of operation. In many instances positive and permanent 
relief can be obtained by the instal‘aticn of surge suppressors. 
These are sometimes given trade names such as shock absorber, 





water hammer arresters, etc. Just as the automobile shock ab- 
sorber absorbs the bumps of the highway, so does a good surge 
suppressor cushion the terrific impact of water rebounding in the 
p:ping system. 

Unless a surge suppressor is installed, the water backs up with 
terrific force and continues to bound and rebound in the pipe lines 
every time the flow of water is suddenly checked. With a good 
surge suppressor this pounding and hammering is overcome by 
absorbing and dispelling the shocks, and strain in the pipe is 
relieved. 


In selecting a surge suppressor it is desirable that it afford pro- 
tection from water hammer under all conditions of service; that 
it be easy to install; require no periodic adjustments ; require little 
or no maintenance; that it operate in any position; that it be un- 
affected by hot water; and that it be reasonably priced. 

Under some conditions it is possible to determine in advance 
the behavior of the surge suppressor, and a method for calcu'ating 
the degree of relief from water hammer pressure for a given 
piping layout is obtained by the relation between useful volume 
of air in the surge suppressor for the various rates of discharge 
through the pipe line. 

Thecretical considerations are generally to assume the discharge 
suddenly stopped by valve closure. This seldom occurs in actual 
practice. The size of the surge suppressor to be selected for each 
installation should be adequate to reduce the maximum water 
hammer pressure that can be caused by quick closure of any one 
valve or faucet. 

In Fig. 1 is illustrated the action of water hammer as recorded 
on a time-pressure diagram showing the incessant impact shocks 
and pressure fluctuations. The system is free of this shock effect 
(even though hammering may nct be heard) only during those 
hours when no water is being drawn. 

When an efficient surge suppressor is installed the time-pressure 
chart recording should look something like the chart shown in 
Fig. 2. A proper suppressor will quiet the water hammer by 
dissipating impact shocks and overcoming the pressure fluctuations 


Surge Suppression Devices 


Perhaps you have come to the conclusion of “Why not eliminate 
the source of the water hammer?” Quick closing valves are the 
cause of most of this trouble, but modern equipment of the present 
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A Story Told by Two Record Charts 


Fig. 1—Reveals the incessant impact shocks and fluctuating 
pressures when water hammer is present. 





Fig. 2—After the installation of a good surge suppressor the 
record chart should look something like this. 























The Clayton Valve— 
Closed Position 

Is a quick closing valve de- 
signed to preclude hammer by 
uniform and governed rate of 
closure. 


Fig. 3- on 5 
Fig. 4—The Clayton Valve— 
Open Position. 
Always wide open or fully 
closed, functions well in rapid 
fillings of vats, tanks, etc. 
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day increasingly requires quick closing valves and water customers 
insist on quick closing faucets and fixtures, therefore water ham- 
mer troubles may be expected to increase, rather than decrease, 
in the future in most water works. 

Valve manufacturers, as a group, have done very little to pro- 
duce equipment to meet this situation, however, the Clayton valve 
has been designed for this purpose. It can be adapted to almost 
any type of flow control problem. Figs. 3 and 4 show this valve 
in the closed and open position. The arrows show that the valve 
is kept closed by water pressure on the back of the diaphragm. 
This valve can be furnished with an adjustable needle control for 
regulating the closing speed to meet any given condition. The 
illustrations show float control for rapid tank filling and smart 
shut off, but the manufacturer states that it can be adapted to 
remote, automatic, manual, elecric, or any type of control desired. 
Fig. 4 shows that when pressure behind the disc is removed the 
line pressure forces the diaphragm assembly away from the seat. 
This valve is always wide open or fully closed, and closes at a 
governed uniform rate to eliminate line shock when the shut-off 
occurs. 


Relief Valves 


Relief valves are sometimes used to eliminate water hammer 
but they can be used only in special cases, due largely to the spill 
of water which must be cared for, and do not operate except under 
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Fig. 6—“Wacor” Water Hammer 
Arrester 


Position of bellows compression unit at 
time of normal pressure. 
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Fig. 5—Air Chamber Assembly and Design Data for Surge Suppression in 


Centrifugal Pump Operation. 


Courtesy Rensselaer Valve Co. 
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Fig. 8—The Josam Shock Absorber 
Phantom view showing four coil springs in dry side of diaphragm 
chamber, which absorbs and dissipates the shock. 


high surge pressure. However, many have secured satisfactory 
results from these devices at pumping stations and hydrc-electric 
plants where water spill is not a problem. 










































Fig. 9—A Josam Shock Absorber 
(Installed at typical location point on the end of a long straight 
run of pipe.) 


Air Chambers 

Relief from destructive water hammer may be accomplished by 
air chambers, but the difficulty of keeping air in the chamber 
makes the air chamber impractical, unless given close attention, 
or air recharging can be automatically done with compressors, 

Fig. 5 illustrates an air chamber assembly. When the pump is 
running the chamber of compressible air floats on the line ab- 
sorbing or cushioning surges. When a pump shuts down pressure 
at the discharge drops instantaneously and then the back surge 
follows. Compressed air in the tank, which is under pumping 
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Fig. 12—The Effects of a Quick Closing 


Check 
Showing the results of rapid closure when 
effectively timed ahead of the first rebound ig. 10 


of the water column 


















































Illustrating Other Typical Location Points for Shock 


Absorbers and Hammer Arresters 

















Fig. 13—The Smolensky 
Check 
A wholly mechanical 
valve 





Fig. hae of the 
Smolensky Check 
Spring force enables this valve to 
close slightly in advance of cessa- 
tion of flow away from the 


stopped pump. 


Fig. 16- 
Check 


head, is prevented from slamming the check valve on the pump 
discharge line to its seat by the functioning of check valve (A). 
The return wave of the surge, however, can pass through the 
check valve (A) into the air chambers where it is markedly 
cushioned and gradually absorbed during gradually diminishing 
surges. 


For most all cases of water hammer, of the type caused by 
quick closing valves on all but the largest lines, a surge suppressor 
which may be attached to the pipes and operate automatically 
without maintenance is to be preferred. Of this type the ‘“Wacor,’ 
shown in Figs. 6 and 7 is very reliable. This suppressor has been 
thoroughly engineered for small piping systems, the manufacturer 
having financed an extended research program in the hydraulic 
laboratories of the University of Wisconsin, where all possibilities 
of this equipment were rather thoroughly explored. 


“Wacor” Water Hammer Arrester is manufactured in a number 
of sizes for pipe lines up to 10-inch in diameter. It is a com- 
bination mechanical-pneumatic type of absorber constructed with 
a closed metal bellows or compression compartment. The latter 
is filled with a special compressible emulsion so that air can 
neither escape nor be absorbed by the water. It is particularly 
adapted to all ordinary house services where water hammer exists 
or where high pressures engendered by rapid valve closure are 
damaging piping and fixtues. 

When this suppressor is put un the line the sealed (compression 
chamber or bellows (containing the emulsion) is slightly com- 
pressed as the water pressure is turned on the system. This is 
shown in Fig. 6, with the bellows at resting position. If now a 
valve cr faucet is opened and water flows through the pipe, the 
bellows expands somewhat due to the reduction of the pressure at 
its base. As the valve or faucet is closed the velocity of the 
water in the pipe line is reduced, resulting in an increase of 
pressure. This compresses the bellows, resulting in an increase of 
pressure on the emulsion sealed within the bellows. The pressure 
inside and outside of the bellows thus becomes equalized. Work 
done in compressing the fluid emulsion within the bellows is re- 
sponsible for the absorpticn or damping of the hammer pressure 
in the pipe line to which the arrester is connected. This is shown 
in Fig. 7, and illustrates the position of the bellows, when absorb- 
ing the hammer shock. 


This type obviates the need for the attention which air chambers 
require. They are used with quick action valves and high veloci- 
ties of flow, and can be used where water hammer pressure 





Chapman's “Non-Slam” 


Features the streamlined tilting disc, clos- 
ing gradually to completion at instant o] 
flow cessation away from pump. 
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originates in the municipal distribution system 
and affects the consumers’ service line or 
plumbing installation. 

Another surge suppressor for small piping 
systems is the Josam Shock Absorber, which 
is shown in Fig. 8. It operates on the diaphragm 
principle and is very efficient when properly 
sized to the individual problem. This sup- 
pressor absorbs shock by compression of four 
coal springs very much after the manner of the 
coil springs known as Knees in modern auto- 


mobiles. The diaphragm moves out against 
these springs located on the dry side of the 
unit. 


Location of Suppressors 


Practice varies widely as to the proper in- 
stallation point for surge suppressors; some 
will place a suppressor at the end of all long 
runs of pipe; others install at the end of a 
battery of fixtures, but it seems agreed that 
it should be piaced as near to the valve causing 
the water hammer as is permissible. 

It is desirable to place the suppressor so 
that the opening is at the bottom if possible. 
This will avoid hazards from sediment being 
washed into the casing. Wherever a greater 
capacity is required to reduce water hammer 
pressure than can be furnished by a single 
suppressor, any number can be placed in the 
pipe line, either in scattered positions or to- 
gether at one fitting. 

Figs. 9 and 10 show typical installation 
ponts for suppressors of this general type. 


Water Hammer with Centrifugal Pumps 


The use of centrifugal pumps presents a major prob.em in the 
control of surge water and minimizing of water hammer. When 
the power is shut off the water in the discharge line reverses its 
direction of flow and if not controlled will cause reversal vf 
pump and motor. 

The installation of the flap type check valve with centrifugal 
pumps increases the effect of surge waves and water hammer, if 
not actually being responsible for such. Ordinary check swing 
valves, due to slamming, cause abnormal disturbances in the pipe 
lines. Slam leads to serious trouble because of the resulting vi- 
bration of pipe lines and adjacent structures, opening up the pipe 
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Fig. 15—The Rensselaer Automatic Power Check 
Features low-friction clear-way and quiet spring loaded closing 
of the flap ahead of cessation of flow away from the stopped pump. 
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Fig. 19—The Pelton Surge Suppressor 
A high grade relief valve for use in con- 
junction with automatic check valves. 


17—Exterior of this automatic needle-type check. 
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Pelton’s Larner-Johnson Check Valve 


joints. The resultant water hammer fre- 
quently ruptures the pipe line. The com- 
mon swing check valve is fundamentally 
wrong in its design to be of use for such 
service. 

Check valves may be grouped into two 
general classes: (a) slow closing and 
(b) quick closing. 

Most slow closing valves are, however, 
impractical, even though theoretically 
correct. The action of this type of valve 
with respect to water hammer may be 
shown by the illustration in Fig. 11. In 
practice there may be little or no audible 
water hammer with this type, but as in- 
dicated, there is a serious pressure rise 
due to the surge which may be disastrous 
to the pipe lines and fittings. 

A check valve should generally be of 
a type that closes before the pressure 
reverses from the immediate low to the 
quickly ensuing high. Many have found 
that this is the only type that will give 
proper service. The quick closing check 
valve provides for eliminating surge 
shock at the valve seat, and quickly re- 
turns the surge wave to static pressure 
before any appreciable surge oscillation 
can be set up in the discharge line. All 
discharge lines, especially of the larger 
diameters, are at least to some degree 
elastic and will permit so-called harmonic 
surges to develop. When the discharge 
column of water is halted before a re- 
versal of flow takes place, these surges 
will not cause a dangerous pressure rise. 
The action of the rapidly closing type of 


check valve, with respect to ensuing 
water hammer, may be illustrated as 
shown in Fig. 12. These two pressure 


recordings (Figs. 11 and 12) show that 
the pressure rise has been reduced from 
about 50 per cent excess head to about 10 
per cent over the static pressure through 
the effective timing of closure of the 
automatic check. 


The Smolensky Check 

One type of check valve used for this 
purpose is the Smolensky check valve, 
which is illustrated in Figs. 13 and 14. 











Fig. 18—Sketch revealing design and functioning of the valve. 
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Fig. 20—The Pelton Surge Suppressor 
Sketch revealing working parts and func- 
tioning of this surge dissipating unit. 























This valve is designed to close just a little in ad- 
vance of minimum pressure at the pump, so as to 
insure absolute freedom of danger of reversal of 
pump and motor. It also prevents mechanical 
shock at the check valve for the spring action is 
counterbalanced by the back pressure against the 
diminishing pump discharge. The mechanism of 
this valve is shown in Fig. 14. 

The seat position of the Smolensky valve is 
dependent entirely upon the velocity of the flow 
and the action may be understood by reference to 
the homely analogy of a laborer following a 
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loaded truck up a steep incline. By chocking the 
wheels at the slightest tendency to stop, a small 
stone is sufficient to hold the load from reversing. 
Allow the truck to fall back a few feet and the 
truck load will be in danger, since its stopping is 
much the more difficult. 


Rensselaer's Power Check 


Fig. 15 shows the Rensselaer quiet-closing power check valve. 
This check operates with an electric solenoid. When the pump 
is started the swing check is opened and held out of the flow in 
a locked position. Instantly that the power is released the solenoid 
automatically releases the swing check and the power of the 
spring instantly closes the check ahead of the reversal in direction 


of flow. 
Chapman's Tilting Disc 

Fig. 16 illustrates the exterior and interior of the Chapman 
non-slam tilting-disc check valve. This type of check closes with 
a minimum of slam. Friction losses are also very substantially 
reduced in the design. The disc is pivoted just above its center, 
which results in a cushioning effect resulting while closing. This 
is due to the fact that the portion of the disc above the pivot 
partially balances the portion below. The seat and disc rings are 
beveled and the disc drops into the seat in the body with a closing 
action which gives a further cushioning effect. This valve in 
closing reaches its seat at exactly zero velocity in the line. The 
angle of the seat is so incline that the distance the disc must 
travel from its wide open position to its seat is reduced to the 
minimum consistent with good design. 


Larner-Johnson Check 


Fig. 17 shows the exterior of the Pelton-Larner-Johnson check 
valve, and Fig. 18 shows how it functions. 

This check is normally automatic in operation but may be ar- 
ranged for manual control.. With the control equipment which 
is built into this type of check valve the time of closing may be 
regulated to best suit local conditions. It is designed for in- 
stallation on the discharge side of a centrifugal pump, its best 
function being to close at the instant of power failure and to 
prevent both reversal of the pump and motor and wastage ot 
pumped water. 


Pelton Surge Relief Valve 


In many cases of operating centrifugal pumps, surge and water 
hammer cannot be eliminated by the mere installation of a check 


Fig. 21—A Real Performance Record 


Showing the result of combination of automatic check and Pelton Surge Suppres- 
sor on a heavy duty job under 490 Ibs. static head. This race was won in approxi- 


mately 50 seconds flat. 


valve alone regardless of type. In such cases it is also necessary 
to install additional equipment such as an air tank, relief valve 
or such. For difficult situations one of the best known pieces of 
equipment for this purpose is the Pelton Surge Suppressor, 
shown in Figs. 19 and 20. This surge suppressor is essentially 
a high grade relief valve, designed for use with a check to 
relieve surge pressure in a pump discharge line incident to pump 
shutdown. It may be operated either by water pressure, solenoid 
or mechanical interconnection with the check valve. To permit 
a sufficiently rapid closure of the check and thereby prevent dan- 
gerous reversal of the pump after the power shut-off, the surge 
suppressor is essential to relieve the resulting pressure surges. 
The surge suppressor opens with the drop in pressure following 
shutdowns, remaining open to relieve the surge which follows. 
It then automatically closes at an adjustable rate. 

The action of the Larner-Johnson Check Valve and the Pelton 
Surge Suppressor in combination are shown in the results ob- 
tained on the accompanying time-pressure diagram (Fig. 21) of 
the Boulder Dam water supply to Boulder City. Operating under 
a static pressure of about 490 pounds, the time-pressure diagram 
(Fig. 21) shows that it took about 50 seconds only for the 
pressure head to become normal static head after pump shut- 
down, during which interval the rise in pressure was not more 
than 10 pounds above static. 


Studying and Recording Surge Conditions 


In actual operating practice it is seldom that any two cases of 
surge or water hammer are identically alike. The simpler cases 
of surge in building pipe systems may usually be overcome with 
the low cost type of surge suppressors previously shown. With 
the more complicated cases, especially those affecting water dis- 
tribution systems, the conditions become very involved and it is 
usually necessary to make a complete survey of the actual facts 
pertaining to each individual case before it can be properly han- 
dled. It is necessary to determine the amount and intensity of 
water hammer and thereafter take new records in order. to deter- 
mine the results obtained from equipment installed, or other 

corrective measures applied. 











Fig. 22—Bachrach’s Chronomatic Drum 





For this purpose it is essential to em- 
ploy equipment for recording pressure- 
time diagrams of the disturbance. Fig. 
22 shows Bachrach’s Chronomatic Drum, 
which gives a pressure-time diagram, 
revealing clearly the pressure pulsations 
in the pipe line during a certain time 
interval. Fig. 23 shows this equipment 
in carrying case for ready portability. 
This is a time-pressure indicator orig- 
inally designed for testing high-speed 
diesel engines. It has unrestricted speed 
selectivity and instantaneous speed indi- 
cation. The operation is simple and re- 
quires no skill or special training. The 
time-pressure diagram for the Boulder 
City line was taken with this equipment. 

Few engineers have had wide contact 
with problems calling for relief from 
water hammer in pipe lines or piping 
systems. The present literature on the 
subject is neither broad nor inclusive, 
being largely devoted to the extreme 








Its use provides the all important time- 

pressure chart in studying water hammer 

and attainments resulting from corrective 
measures and functioning of equipment. 


Fig. 23—Bachrach’s Portable Recorder 
Is compact and useful in surge study on 
pipe lines and distribution systems. 


technical and theoretical phases of the 
subject. On this account it has been my 
purpose to confine this discussion to a 
few practical considerations. 




































































WATER WASTE SURVEYS AND LEAKAGE CORRECTION 





By EDGAR K. WILSON, Chief Engineer 
The Pitometer Co., Inc., New York, N. Y. 


N THE old days when water was “free” except for the labor 

of lugging the buckets from the well, no check on its waste 
was used nor was one necessary, since that labor. in itself was 
a sufficient check; and if an individual were so ambitious as to 
carry unlimited supplies of water, the thriftiness of the wife 
would soon curb his energy when the requirements were reached 
for immediate uses or the available vessels were filled. 

With the introduction of pumped water, however, this guard 
against waste in the houses was to a considerable extent relaxed, 
and with the installation of more modern plumbing, not only the 
use of water increased, but also the waste; so the water meter 
was devised, and the meter, where proper maintenance has been 
provided, has ever since been the most efficient watchdog against 
a careless or wilful water waste. 


Again reverting to the early days, not much thought was given 
to the leakage from the mains, unless it came to the surface. 
Since many communities had no sewerage systems, the chances 
for the water to get away underground were far less than at 
present where sewer trenches and other sub-surface structures, 
in addition to the water trench, make easy paths for escape 
without showing any signs at the surface. Such leaks may and 
often do continue for years without discovery. Leaks do not 
tend to close up as time goes on—on the contrary they may be- 
come large enough to cause a serious drain on the system. 


Where there is a station meter which records the continuous 
flow of water, a large break will be automatically recorded and 
means may be taken at once to discover and remedy the trouble. 
Smaller leaks are likely to be hidden in the daily consumption, 
and as they grow in size and their number is increased, the total 
consumption of the system gradually creeps up and up until 
pumping capacities are found approaching their limit and pres- 
sures under heavy draft cannot be maintained. 


Benefits to Be Derived from Leak Location Work 


The location and repair of leaks, therefore, benefits a water 

works system in several ways: 

By conservation of the primary supply. 

3y saving treatment and pumping costs. 

By postponing the installation of additional pumping equip- 

ment. 

4. By eliminating or postponing the need for additional sup- 

ply mains. 

By eliminating the loss of head due to unnecessarily high 

velocities. 

6. By elimination of possibilities of accidents due to under- 
mining streets or buildings. 

7. By increase of water and pressure available for fire fight- 
ing uses; also better residential pressures. 

8. By decrease in the amount of water flowing into the sani- 

tary and storm sewers. 

9. By decrease in cost of handling an unnecessary amount of 

water in sewage treatment plants. 

Other benefits may be observed in individual instances, but the 
above are sufficient to indicate that underground leakage is a 
matter of consequence, and one which should receive the atten- 
tion deserved in the operation of every water works plant. 


Methods of Detection and Elimination 


The elimination of underground waste can be accomplished 
ouly by a thorough and painstaking survey of the entire system, 
block by block. Unless the water actually entering each block 
through the night hours of minimum consumption is measured, 
it is not possible to know certainly whether leakage exists. Such 
a measurement also eliminates the necessity of looking for leaks 
in blocks when it is shown that no flow exists which can not be 
accounted for as the reasonable consumption of such blocks. 


wh 


vi 


The Pitometer Survey 


The best way of making these investigations is by a Pitometer 
water waste survey. Starting with the sources of supply or the 
pumping stations the survey tests the gravity supply lines for 
leakage, the pumps for slippage and efficiency, and the station 
meters for accuracy; and from that point conducts an audit of 
the water throughout the entire underground system. 


The survey is carried on by measurements at gauging points 
which are installed throughout the system by inserting 1 inch 
corporation cocks at selected points in the mains, through which 
a Pitometer rod meter is introduced. 


The Pitometer and Recorder 

The Pitometer is an instrument based on the well known Pitot 
tube, adapted for the measurement of water in pipes under pres- 
sure. However, instead of having an upstream orifice facing the 
stream and a static orifice at right angles to the flow, the Pitom- 
eter has two identical orifices, one of which faces upstream and 
the other downstream. These orifices are connected to a glass 
manometer partly filled with a liquid of specific gravity higher 
than that of water, colored for easy observation of deflection, 
and also for the more effective photographing of flow records in 
the recorder, the description of which follows. With the appara- 
tus entirely cleared of air, and the orifices set at the center of 
the pipe and aligned with the stream, a differential velocity is 
obtained which gives a deflection in the manometer. With the 
specific gravity of the indicating liquid known, the velocity and 
the rate of flow at the orifices can be readily determined for any 
given deflection observed or recorded. 











Pitometer Rods and Manometer 























The Photo-Recorder 
The oil light makes a photographic picture of the differen- 


tial levels in a manometer tube. The lower view is the record- 
er from the rear. The revolving drum carrying photographic 
paper has been removed from the left compartment to show 
the prism attachment. 


The "Pipe Factor" 


To arrive at the quantity flow accurately a “‘pipe factor” is re- 
quired. This factor is established by what is known as “tra- 
versing” the pipe. This is accomplished by taking readings on the 
manometer with the orifices set at various se'ected points across 
the pipe, fairly close together near the walls, and further apart 
as the center is approached. These points are plotted on cross 
section paper and a smooth curve drawn through them. Rings of 
eaual area, representing the complete cross section of the pipe 
(usually five in number), are laid down on this curve. The 
nmianometer deflection recorded at the center of each ring is taken 
from the curve. The sum of the square roots of these deflections 
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divided by the square root of the deflection at the center gives 
the essential “Pipe Factor.” This factor is nothing more than 
the ratio of the mean cross sectional velocity of the water flowing 
through a particular main to the center velocity. Then, this 
factor is applied to the velocity of flow obtained with the Pitom- 
eter when the orifices are at the center of the pipe. 


Determining Exact Flow 


The actual diameter of the pipe is measured by use of a special 
caliper. With the area of the pipe thus determined and the 
average velocity across the pipe, determined as above, the quan- 
tity of water flowing is computed. 

To record the deflections of the manometer liquid over a 
period of time, as, for instance, twenty-four hours, the, photo- 
recorder is used. The manometer is clamped to this instrument 
and by means of a lamp a record is made of the varying de- 
flections on a sheet of photographic paper. The sheet of re- 
cording paper is carried on a clock driven drum, the speed of 
which is controlled by different gears, so that one revolution of 
the drum may take place in 12, 24, or 48 hours as desired. After 
the record is developed, the flow at any time during the period 
of the run can be determined as we'l as the time at which it 
occurred. It is evident that several of these recorders can be 
set up at various points to attain simultaneous flow records, with- 
out the need for having observers on the job. Furthermore, the 
photographic records are the most dependable sort of records. 


Making the Survey 


As previously stated, a Pitometer survey should start at the 
pumping station or source of supply, after which district meas- 
urements are made for a period of twenty-four hours throughout 
the entire distribution system. The districts consist of areas, 
selected with due consideration of pressure and flow conditions. 
These areas must be subject to isolation by closing all mains 
leading into them except one, on which the Pitometer apparatus 
is installed. It is not usually the case that the main feeders from 
the station or throughout the system can be included in any dis- 
trict, since the closure of such mains will almost always so affect 
the pressures and supply that conditions would not be normal. 
These feeders are therefore tested by themselves without shutting 
down, or possibly with shut-off of short duration only. Such 
shut-offs may be made during hours where no inconvenience of 
importance will result. 

An inspection of the photographic record of the district meas- 
urement shows the relation of the total daily consumption and 
the important tell-tale minimum night rate of the district, which 
is a definite indication of the existence of waste. Since all impor- 
tant meters in the area under test are read during the time of 
flow measurement and checked for the time of minimum con- 
sumption, a correction of these amounts applied to the totals 
leaves the amount which must be charged to legitimate use, 
leakage—and, as in some cases, illicit use through unmetered 
connections. 

With this as a basis, the district is then subdivided during the 
night by closing off each block in turn. Any flow which was 
present in the block before it was shut off will be indicated by a 
drop in the deflection as recorded on the photographic chart. 
While making shut-offs each block is tested for tightness to be 
sure that all valves are holding, and that there is no unrecorded 
connection feeding into the block. During the subdivision the 
time of closing each valve is recorded. 

With the subdivision chart completed, the times are plotted 
and the result of the shutting down of each block is observed, 
the deflection being measured from the photographic record as 
on the plain manometer. 


Leak Location and Meter Checking Next 


The results of the subdivision are carefully studied with ref- 
erence to the amount of water which may be considered to be 
legitimate consumption. Night rates on large meters are taken 
into account and investigations are made in all blocks which still - 
appear to have an abnormal consumption. These investigations 
are made with various listening devices placed on service stop 
cocks, hydrants, on water pipes inside of houses, or on the street 
surface; and leaks are located so closely that it is only very 
rarely that more than one hole must be opened for repairs. 

During the course of the survey large industrial meters are 
tested in place without disturbance, so that their actual condition 
previous to the test is determined. This allows the test to be 
carried on under the actual working conditions of the meter 
which is not possible if the meter is removed to the shop for 
testing. 
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Detecting Illicit Water Takings 


Fire lines without meters are sometimes used for other pur- 
poses than fire extinguishing inside of manufacturing plants. 
While such uses, if only occasional, cannot always be detected 
except by long continued measurements, or by good fortune in 
happening to make the measurement at just the right time, if the 
practice is carried on at frequent intervals, the survey will fur- 
nish evidence so that back bills may be rendered for the un- 
paid-for water. 

At the close of the survey a report is rendered which gives all 
details of the survey. A list of defective valves is furnished, 
which is of especial value, since ordinarily about ninety per cent 
of the valves in the system are operated during a Pitometer sur- 
vey. Suggestions are also offered in regard to locations of new 
valves, and other matters which make for the more efficient 
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Two Rather Typical Records of Reductions in Water Pumped Following Water Waste Surveys 
In the case of Rochester it is observed that following each survey the results of leakage correction and 
waste reduction are very evident. 


operation of a water works plant. One highly important con- 
sideration is that pumping efficiencies are revealed, and design 
deficiencies are uncovered. 


The location and repair of all leaks large enough to warrant 
the expense of the repair brings about important reductions in 
the cost of water service. It is usually the case, in fact, that the 
cost of the survey is covered by such reduction within a few 
months or a year. 

A leak properly repaired is permanently closed, and the loss 
of water is eliminated at that point. However, in water works 
systems leaks are forever occurring. From some the water 
rises to the surface; and these leaks are at once repaired; but 
many do not manifest themselves and again the daily pumpage 
increases, 

A Pitometer survey must not be considered as a leak pre- 
vention undertaking. New leaks may fo'low the survey, but at 
small expense periodical remeasurements of the district will in- 
dicate where such have developed. In some of the larger cities 
five year- programs have been instituted. These programs which 
cover some portions of the system each year have yielded very 
satisfactory results, both from the operating and economic 
points of view. 




























A Photo Recorder Set-up on the Job 


An Advantage of Leak Correction Illustrated 


Frequently an important consideration is the recovery of pressures on-the system 
as the result of leakage surveys and corre: tion. 
(before and after), taken at an outlying point on the system, require no further ex- 
planation, Hidden in this record is that of reduced pumping costs in maintaining 
pressures, as well as in reduced volume pumped. 


These two pressure record. charts 








WATER WASTE DETECTION BY OBSERVING SEWER FLOWS 


By D. D. GROSS, Chief Engineer 
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Board of Water Commissioners 
Denver, Colorado 


OLORADO’S pioneers came looking for gold, but stayed to 
C learn that when the welfare of man is considered, water is 
more valuable even than the glittering nuggets which spelled 
wealth to the fortunate. a a 

The gold-rush with the famous slogan “Pike’s Peak or Bust, 
resulting in the founding of Denver and the settlement of Colo- 
rado, started in 1858. As Colorado grew the demand for water 
grew and as the demand for water grew the laws governing 
the use of water grew. The water laws provide that “the first 
in use is the first in right” to water flowing in Colorado streams. 
As the requirements of water for irrigation developed faster 
than the requirement of water for municipal purposes, Denver 
found it necessary to buy rights to the use of water, which im- 
plied its return to the streams. 


The Importance of Returned Water—Sewage 


There seemed to be a policy on the part of irrigation interests 
to institute litigation to prevent Denver from obtaining more 
of the direct river flow. It became very important therefore 
that Denver have available complete and accurate information 
as to the per cent of water that was returned to the river through 
the sewers, as well as a record of that taken into the water 
supply system. 

In Colorado we do not consider it good form to talk about the 
consumption of water; it is better to say the use of water, fos- 
tering the thought that after use much of it is returned to the 
river. So, we must consider two kinds of water—“new” and 
“used.” 

To get at the facts as to the per cent of water used in Denver 
that was returned to the river we began in 1926 the keeping 
of records showing the dow of water through the sewers. Charts 
are prepared on which are shown the use of water in the city. 
That is the flow of water as metered in the supply conduits, and 
this flow corrected for loss or gain in the city distribution 
reservoirs. On the same charts are plotted the amount of flows 
in the sanitary sewers. This information is computed and 
plotted for two-hour periods throughout the 24 hours of the 
day and continually throughout the year. 


What Was Learned from the Records 


By a study of the charts, such as that here reproduced, over 
a long period of time we learned that when water was not being 
used for lawn sprinkling or similar use not capable of return 
through the sewers, that 95% of the water used was being 
returned through the sewers. We take this as evidence that 
there was very little loss of water through leakage in the city 
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pipe system as the ratio of “used” water to “new” water re- 
mained iairly constant as the use of water increased or de- 
creased. 

Our experience over a period of years convinces us that both 
ihe sewers and water mains are tight, with very little infiltration 
(say 10%) of ground water into the sewers and very little 
leakage from the city water mains. When leaks develop in the 
mains or services the water usually comes to the surface and is 
detected. However such is frequently not the case and leaks 
enter somewhere. 

A few years ago when we had a cycle of dry years, necessi- 
tating a publicity campaign asking the people to conserve water 
and avoid waste, there was a noticeable reduction in the flow 
in the sewers. The same condition is observed when an exten- 
sive campaign of house-to-house inspection of plumbing is made. 


Possibilities of the Scheme and a Plan 


At the suggestion of Mr. L. H. Enslow, Editor of Warer 
WoRKS AND SEWERAGE, we decided to make still further use 
ot our sewer gaugings to determine or detect the improper use 
ot water (water theft) in addition to tracing possiple hidden 
leakage of moment. 

Under this plan men are sent to inspect sewer manholes for 
unusual flow of water. \ve have constantly on duty men we 
term “servicemen.” They are provided w.th pick-up trucks 
equipped with radio, maps and tools. It is their duty to respond 
to ail imporiant res, operate valves, locate leaks, post red lights, 
etc. At headquarters we have a ioreman and two or more 
men always on duty. If all the men are away from headquarters 
it is possivie tor the toreman to get in touch with any one of 
them at any time as the police department broadcasts our mes- 
sages. When not otherwise engaged the servicemen do this 
work. They inspect the manholes at the points where the 
smallest laterals discharge into tne branch sewers. Most ot 
these laterals are from one to three blocks long. No attempt is 
made to measure the flow. The serviceman observes the amount 
and makes a notation as “low,” “medium” or “high,” to designate 
the amount of flow as compared to the flow in other laterals. 
These notes are compared when the inspection is repeated. The 
best time to make inspections for water wastes has been found 
to be between 2:00 a. m. and 4:00 a. m. At that time the 
regular flow is at a minimum and any unusual flow is more 
readily detected. If an unusual flow is discovered at night, an 
order is given the day servicemen the next morning to make 
house-to-house inspections and find where the water is coming 
trom. 





A Portion of the Water Supply and Sewage Discharge Record for January, 1939 
(Note that sewage flows lag behind water use rates by roughly two hours. Note also that sewage flow for month averages almost 


98% of water supplied distribution system in a month of negligible infiltration expectancy.) 
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UNITED STATES PIPE AND FOUNDRY CO. 


_ General Offices: Burlington, New Jersey 






i * oe 
Ru at ie Ra aes | SALES OFFICES 
Philadelphia Birmingham San Francisco Pittsburgh Cleveland Minneapolis Seattle 
New York Chicage Boston Buffalo Kansas City Dallas Les Angeles 
Makers of 


SUPER-DE LAVAUD CENTRIFUGALLY CAST IRON PIPE 


PIT CAST IRON PIPE AND FITTINGS 
THREADED PIPE IN IRON PIPE SIZES 
WEBRE INDUSTRIAL AND SUGAR APPARATUS 
USICAST CHEMICAL CASTINGS 


U. S. JOINT PIPE AND FITTINGS 
FLANGED PIPE AND FITTINGS 
FLEXIBLE JOINT PIPE 

LARGE CASTINGS TO ORDER 
USICAST CAST IRON ROOF 





Super-deLavaud Pipe with B&S Joints 


Super-deLavaud Pipe with bell and spigot joints is available 
in all sizes from 3” to 24” and in 12-foot and 18-foot lengths. The 
joint is particularly adaptable for lead, cement, joint compound 
or rubber ring assembly. The centering ring insures easy align- 
ment and uniform distribution of the jointing material. The 
process by which this pipe is produced assures concentricity, even- 
ness of metal and freedom from sand or slag inclusions. The 
bell and spigot joint, made with lead or other jointing materials, 
shows ample strength to resist pulling apart. If required to meet 
service conditions, pipe will be furnished with special linings. All 
Super-deLavaud Pipe with bell and spigot joints are made to 
a Federal Specification WW-P-421. Write for descriptive 
ook let. 


TABLE I 


THICKNESS 
ELL 





NOMINAL LAYING LENGTH 


















































Nominal Laying Length 
Class _ 
Noml- oF aan oe 12-Foot Length 18-Foot Length 
mum e 
Diam- Weight Weight 
race, | Beonng [Tush | prams | eee | reise | peeioe 
nches nocludin, 
Pounds Bell ig Pounds Bell 
3 150 .33 140 11.8 210 11.7 
3 250 .36 155 12.8 230 12.7 
4 150 .34 195 16.4 285 15.9 
4 250 .38 220 18.4 325 17.9 
6 150 .37 315 26.3 460 25.5 
6 250 .43 350 29.3 515 28.5 
s 150 42 475 39.4 690 38.3 
8 200 46 510 42.4 745 41.3 
8 250 545 45.5 800 44.3 
10 150 47 640 53.3 935 51.8 
10 200 52 700 58.3 1025 56.8 
10 250 57 760 63.3 1115 61.9 
12 150 50 810 67.4 1180 65.6 
12 200 57 905 75.4 1325 73.7 
12 250 62 990 82.5 1450 80.7 
Nominal Laying Length 
Class 
Nomt- oF Max- aceaaia 12-Foot Length 18-Foot Length 
Diam- | Thickness Weight Weight 
eter | Pressure Of Pipe | Per Foot | Of Pipe | Per Foot 
ne ncluding neluding 
Pounds Bell Pounds Bell 
14 100 .48 920 76.5 340 74.3 
14 150 . 55 1060 88.5 555 86.3 
14 200 .62 1190 99.0 735 96.3 
14 250 .69 1320 110.0 930 107.3 
16 100 .52 130 94.2 645 91.4 
16 150 .60 320 110.2 935 107.4 
16 200 .68 490 124.1 2175 120.7 
16 250 -75 635 136.1 2390 132.7 
18 100 . 56 365 113.8 990 110.6 
18 150 .65 595 132.8 330 129.6 
18 200 .74 810 150.9 645 146.9 
18 250 .83 2015 168.0 950 163.9 
20 100 .58 585 132.0 305 128.0 
20 150 .68 860 155.0 720 151.0 
20 200 .78 125 177.1 105 172.4 
20 250 .88 365 197.1 465 192.4 
24 100 .64 085 173.8 035 168.6 
24 150 .76 480 206.8 630 201.6 
24 200 .88 855 237.8 4170 231.6 
24 250 1.00 200 266.8 4690 260.6 


























Threaded Casi Iron Pipe Centrifugally Cast 


_Super-deLavaud Cast Iron Pipe is now being manufactured in 
“iron pipe sizes” with threaded joints to meet the demand for a 
better and more durable pipe. There are two distinct types of 


pressure service for water, gas, steam or similar liquids and 
gases; and drainage service. Pressure pipe is made to meet the 
requirements of Federal Specifications WW-P-421 and is supplied 
in three classes: standard, extra-strong and double-extra-strong. 
Drainage pipe, used for waste, vent and drain work, is a lighter 
pipe for use in buildings and elsewhere where a tight screw- 
coupled joint is needed. Drainage pipe is made to meet the 
requirements of Federal Specifications WW-P-356. 


THREADED CAST IRON PRESSURE PIPE 
(Made to meet the requirements of Federal Specifications WW-P-421) 














service for which Super-deLavaud Cast Iron Pipe may be used: 









Size Nominal Outside Nominal | Threads Weight 
Inches Class Length, | Diameter, | Thickness, per per Foot 
Feet Inches Inches Inch Pounds 

y 3.50 .36 8 11.08 

3 3.50 45 8 13.45 
3.50 -48 8 14.21 

4.50 .38 8 15.34 

4 4.50 .48 8 18.91 
4.50 .52 8 20.29 

5.56 .40 8 20.22 

5 5.56 .49 8 24.40 
5.56 .53 8 26.15 

6.63 .43 8 26.13 

-strong 6.63 .51 8 30.59 

6.63 .55 8 32.78 

8.63 .50 8 39.85 

8 -strong 8.63 . 56 8 44.29 
-strong 8 8.63 .60 8 47.22 





























THREADED CAST IRON DRAIN PIPE 


For Waste, Vent and Drainage Service 
(Made to meet the requirements of Federal Specifications WW-P-356) 











Size Nominal Outside Minimum Threads Weight 
Inches Length Diameter Thickness per per Foot 
Feet Inches Inches Inch Pounds 
3 12 3.50 . 26 8 9.41 
4 18 4.50 .29 8 13.75 
5 18 5.56 .33 8 19.05 
6 18 6.62 .38 8 26.22 
8 18 8.62 .44 8 39.82 




















THE U. S. JOINT 


The U. S. Joint embodies the more favorable features of cer- 
tain other types of mechanical joints and was developed and pat- 
ented by the United States Pipe and Foundry Company after 
considerable study and research. It is adaptable to both Super 
deLavaud Centrifugal Pipe, and to pit cast pipe and fittings and 
these may be interchanged one with another in the laying of a line 
without the need of an adapter. The accessories, which consist 
of follower ring, gaskets and bolts are all interchangeable. 


It possesses the following salient advantages : 
Write for “U. S. Joint Pipe and Fittings” Catalog. 


= 
| OT 






THICKNESS 
y 








NOMINAL LAYING LENGTH — 
Cc 
1. Ruggedness of parts. 
2. High resistance to corrosion since all of the joint 
accessories are of the same material—cast iron. 
3. Maximum joint deflection without leakage. 
4. Great resistance to the flow of electric currents. 
5. Ease of assembly—needs only one wrench. 
6. Only one gasket per joint. 
7. Excellent qualities as an expansion joint. 
8. Tightness under high pressures of gas or water. 
9. Connection to plain end existing pipe line without use 


of adapter. 
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HYDRAULIC DEVELOPMENT CORPORATION 


MANUFACTURERS OF HYDRO-TITE—A SELF-CAULKING COMPOUND 
FOR JOINTING CAST [RON WATER MAINS 


MAIN SALES OFFICE: 
50 CHURCH ST., NEW YORK, N. Y. 





Nu 





GENERAL OFFICES AND WORKS: 
W. MEDFORD STA., BOSTON, MASS. 


A Symbol of Quality 








HYDRO.-TITE does not shrink when cooling but makes 
a solid bond the entire depth of joint. 


Other HYDRO-TITE Features 


Self-Caulking: HYDRO-TITE is melted by a small 
fire and nothing is added to make it liquid. When poured 
into a joint it immediately solidifies upon contact with the 
metal and bonds to both the surfaces of the bell and the 
spigot for the entire length of the joint. HYDRO-TITE 


requires no caulking. 


Self-Sealing: HYDRO-TITE joints are, under normal 
conditions, perfectly tight when pressure is first applied. 
Any leak or seep from a new joint will soon be stopped 
by the self-sealing quality of HYDRO-TITE. Even 
leaks occurring when pouring over-heated HYDRO- 
TITE will seal themselves within a day or two. “Less 
leakage from the start and quicker sealing qualities in 
case of small leakage.” 


Ready for Immediate Use: There need be no wait- 
ing time after pouring a joint with HYDRO-TITE. It 
solidifies at once upon contact with the pipe and is 
ready for regular pipe service. 


Resists Vibration: HYDRO-TITE can be used any- 
where. It is in service on pipe lines carried over bridges 
subjected to heavy automobile trucking, trolley cars and 
continuous railway traffic. 


Strength to Support Joints: Flood washouts have 
many times left entirely unsupported several sections of 
large pipe and without any leaky joints resulting. In one 
case, at Fitchburg, Mass., a 30” class B main weighing 
4000 pounds was entirely supported from the bell end by 
the HYDRO-TITE joint after the false work support- 
ing the spigot end had been washed away. 


Approved by 


HYDRO-TITE is approved and used by leading engi- 
neers, municipal water works, water companies, rail- 
roads, mines and industrial plants throughout this coun- 
try and many others. It is also approved by the Asso- 
ciated Factory Mutual Insurance Companies and will 
be found listed on page 5, their “Rules for Laying Cast- 
Iron Pipe,” issued June, 1929. 


Properties of HY DRO-TITE 


HYDRO-TITE is a black powder composed of selected 
inert minerals. When melted and allowed to cool, it be- 
comes a strong, tough, metallic mass. Compressive 
strength is 6000 lbs. per square inch and its tensile 
strength is over 650 lbs. per square inch. 


Manufacture of HYDRO-TITE 


HYDRO-TITE is made in an up-to-date factory with 
modern machines and by efficient methods. Constant 
inspection, alert supervision and many years of research 
by some of the best trained chemical scientists combine 
to make HYDRO-TITE the leader in its field. This 
makes possible our continued use of the slogan—“ MORE 
THAN 30 YEARS WITHOUT A FAILURE.” 


Packing and Shipping 

HYDRO-TITE is packed and shipped in 100-lb. heavy 
burlap bags. Each bag contains a specially treated mois- 
ture-proof liner which keeps the HYDRO-TITE dry 
even though stored in a damp place or transported in 
the rain. 


Other Products 
Braided Jute 
Yarning Irons 
Yarning Hammers 
Joint Cutters 

Joint Runners 


Open Seam Pouring 
Funnels 


Wood-Burning Furnaces 


Pouring Pots 





Pouring Ladles 


OVER 30 YEARS IN SERVICE WITHOUT A SINGLE FAILURE 








ESTIMATING THE COST OF MAINS 





And the Setting Up of a Useful Estimating Guide Chart 


By D. R. TAYLOR 


Plant Superintendent 
Roanoke Water Department, Roanoke, Virginia 


MONGST the vicissitudes and pleasures of life and the 

progress of industry and commerce, prognostication con- 
tinues to be increasingly interesting to most of us. As time goes 
on, our material and cost estimates, like mathematical formule 
involving infinity, continue to approach something that they may 
never actually reach—namely, factual perfection. 

Even the average life span of such an everyday thing as cast- 
iron pipe is still a matter of conjecture. Authentic records of 
the earliest cast-iron pipe still in service include that supplying 
water to a fountain at Langensalza, Germany, which was laid 
prior to 1562, and cast-iron pipes are still supplying the foun- 
tains of Versailles, France, after 276 years of service. There are 
many records going back over 150 years in England and more 
than 100 years in this country. Such records as these have often 
been the cause of much difference of opinion among engineers 
in the appraisal of the net worth of water plants. 


Estimating the Cost of Mains and Extensions 


The accompanying tabulation has been prepared by the writer 
for use as a handy reference in estimating. It is based on the 
average cost of mains under an average group of conditions and 
methods. Considering that each of the sixty-six items, making 
up the aggregate, vary according to varying conditions and 
methods, it may be easily appreciated that, any number of com- 
binations of these items may influence the end result in accurate 
estimating. 

Some of the items shown may be performed at a lower cost 
than indicated, while others may cost more. As a matter of fact, 
methods and costs will undoubtedly vary between jobs in the 
same locality; however, the fact remains that an estimate is 
necessarily based on an average of as many representative jobs 
as can be reviewed at the moment. 

While there are many very reliable records of total costs of 
mains, it is surprising what little information can be obtained 
relative to the man hours and equipment hours required to per- 
form the individual items comprising the total job. 


Applying Correction Factors 


These man and equipment hour units are shown for the more 
variable items to enable anyone to calculate an estimate of his 
costs by substituting his prevailing labor and equipment prices in 
deriving required correction factors. It is, of course, understood 
that prices of materials will vary between times and places, espe- 
cially cast-iron pipe, and it is assumed that quotations on these 


will be obtained in each specific instance, and a correction factor 
derived for application. 
rially less than that of “standard” pipes specified and used in 
former years. 

As times goes on and more records and improved equipment 
become available, undoubtedly modifications and adjustments will 

In the case of cast iron pipe of sizes 30 inches and larger, the 
manufacturers will send their representatives to inspect the site 
of the proposed project and design lighter but higher tensile 
strength pipe to suit the particular conditions such as depth of 
cover and weight and intensity of traffic. Such pipe now obtain- 
able through modern methods can be furnished at prices mate- 
be suggested. In the meantime, accumulating cost records should 
be extremely interesting and the accompanying table should serve 
a useful purpose in arriving at more dependable cost data in 
water main construction, which will be highly useful in setting 
up estimates. 


Note—This tabulation of estimating data constitutes a material 
amplification of an earlier tabulation used by Mr. Taylor and 
reproduced in the 1940 Reference and Data Number of this 
magazine. In his successful attempt to better the original tabu- 
lations the following excerpts from Taylor’s letter are significant. 

“During the last two years I have talked with a great many 
contractors, engineers and water works operators and have been 
surprised to learn that none of them knew the unit man and 
equipment hours required to perform the various items in laying 
mains. 

“During the last year we have been doing some unit accounting 
in all of our construction and maintenance work in an effort to 
determine these units, with the idea of making a tabulation with 
which any operator in any city or town could substitute his labor 
and equipment costs and calculate an estimate of the cost of 
mains. In addition to this, I wrote the pipe manufacturers for 
such information as they might have. Such proved to be practi- 
cally nothing. 

“In discussing the matter and exchanging experiences with 
others, they said if I succeeded in working out a tabulation of 
units, that it would be a real contribution. 

“Considering this a challenge, I began collecting information 
from equipment manufacturers, our records, the records of the 
city street repair department and state W.P.A. records, and 
slipped a slide rule at night and during week-ends for the last 
ninety days, and wound up with the enclosed tabulation, which 
may not be perfect by any means, but at any rate it is a start and 
the only thing of its kind that I know of in this country.”—D.R.T. 





To Stop Pipe Sweating* 


The following formula, directions for application, and specifica- 
tions for materials required in the application of an insulating 
protective coating for stopping troublesome sweat formation on 
pipes, pumps, small tanks, etc., has proved high!y satisfactory ac- 
cording to Chas. P. Hoover, Consulting Chemical Engineer and 
Ist Ass’t. Superintendent of Water Works at Columbus, Ohio. 
Application Procedure 

All surfaces must be absolutely clean and dry before any appli- 
cations are made. The outside surface is first painted with a 
thick coat of adhesive (specified herein), after which a thick coat 
of ground cork is either blown or pressed on by hand. This ground 
cork must be built up to a uniform thickness on all exposed sur- 
faces. After this application is thoroughly dry, a second thick 
coat of adhesive is applied, after which the second thick layer of 
ground cork is either blown or pressed on by hand. The second 


layer of ground cork must also be built up to a uniform thickness. 
After the second application is thoroughly dry, it is covered with 
two coats of an approved paint. 

*By Chas. P. Hoover, Principal Ass’t Superintendent, Division 
of Water, Columbus, Ohio, 





The Adhesive 
The adhesive is made up of the following materials : 


Ingredients Proportions 
oS ee ee 7% Ibs. 
eg ee 414 Ibs 
ge 2 ee 4 lb 
PE I orga ocora. ance acdiand scavtakixatacearee 1% Ib. 


Cork Specifications 

In purchasing the cork to be used the following specifications 
will be found helpful : 

The cork shall be equal in quality to 8/14 granulated cork as 
manufactured by the Armstrong Cork Co., Lancaster, Pa. It 
shall be ground so that not less than 95% by weight of the 
particles will pass through a No. 8 U. S. standard sieve and not 
more than 5% by weight will pass through a No. 14 U. S. stand- 
ard sieve. The cork shall not weigh more than 8 Ibs. per cubic 
foot. The cork shall contain not more than 1.5% of dirt, dust, 
or other foreign matter. 

It is to be noted that all of the above, with slight changes in 
a word here and there, will produce a complete specification for 
materials as well as the method of application should the insulat- 
ing jol) be let to contract. 
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TRANSPORTATION SIMPLIFIED 





Power Crane-Equipped Truck Makes for Ease and Economy 


By D. R. TAYLOR 
Plant Superintendent 
Water Department, Roanoke, Virginia 


HE problem of transportation is one that many of us were 

confronted with when we began using cast iron pipe 18 feet 
long. If you have much hauling to do, it will pay you to buy a 
long wheel-base truck chassis and to have a power crane installed 
on it and have a platform body built locally to meet your particu- 
lar needs. Such a truck chassis that we purchased and equipped 
when we began the use of 18 foot pipe is here pictured. The 
power crane was obtained from the Baker Equipment Corp., 
Richmond, Va., who are our nearest agents for the Gar Wood 
Industries of Detroit. 


The ‘truck chassis should have a wheel base of at least 220 
inches. The dimensions of our particular piece of equipment are 
as follows: The length from the back of the cab to the end of the 
frame is 19 feet. The crane utilizes 3 feet of this space, and our 
platform body is 17 feet long, allowing the body to project 1 foot 
beyond the end of the frame. This allows 18 foot pipe to project 
1 foot beyond the body with a total overhang of 2 feet beyond 
the end of the frame. This is permissible and within the bounds 
of good practice, as recommended by truck manufacturers. For 
flexibility and economic transportation, I would suggest that you 
purchase a heavy duty two-ton chassis, with which you can easily 
haul a load of four tons from your pipe Ict to the job in question 
without abusing the equipment. 


The smaller picture better shows the chain sling with a hook 
on each end. This was improvised by one of our foremen. The 
jack, shown in the foreground folded up underneath the crane 
platform, is one of two furnished with the crane. The jack on 
the side from which you are raising or lowering the load is un- 
hooked and allowed to swing down to the ground to support the 
platform while you are loading or unloading. 

This crane can be obtained with various capacities and booms 
of several lengths. I would suggest that you purchase one of 
3000 pounds capacity with a 10-foot boom. It may be of interest 
also to you to learn that the mast and boom is demountable and 
can be easily removed when not needed. 

In the good old days, it required six men to unload a car of 
8-inch pipe, but, with the outfit described above, three men can 
do the same job and do it quicker. 

If interested in such a purchase and wish any more informa- 
tion, the writer will be glad to give it. 


























A Close-Up View Showing Power Crane, 





To Load 18-ft. Lengths of 8-in. Cast Iron Pipe With This Rig Is a Cinch 


the Sling and One of the Support Jacks 
Beneath the Truck Bed 


RELATIVE SIZES OF BRANCHES 
AND WATER MAINS 


Size Number and Size of Branches 
of Main Main Will Supply—Running Full 

1” ....-Lwo—% 

yy" ..... Two” 
Pe ee Two—-3” 
>. eee Two—1” or One—1”" and Two—3” 
ae Two—14y” or One—1%4” and Two—34” 
a. wate Two—14” or One—1%4” and Two—1!4” 
BT kwies Two—ly” and Two—1'4” or One—2” and Two—1!4” 
2 Glee One—214” and One—2” or Two—2” and Two—1%” 
Oe cass Two—2'4” or One—3” and One—2” or Four—2” 
Or 28s One-—31%4” and One—2%” er Two--3” or 





Three-—2¥4” and One—-2” 


or Six—2” 
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MINERALEAD 


Composition 

Tegul-Mineralead is a plasticized sulphur compound con- 
taining a specially-prepared olefine polysulphide as a 
plasticizing agent developed by a staff of Chemists, 
Chemical Engineers, and Civil Engineers whose services 
are available for recommending, designing and supervis- 
ing the erection of all types of construction in which 
Tegul products are used. 


How Used 

MELTING: Tegul-Mineralead melts at 248° F., requir- 
ing only a low fire. Care should be exercised to avoid 
direct contact with flame and over-heating, in which case 
the compound tends to thicken. Best results will be ob- 
tained when using a furnace designed by the manufac- 
turers of Tegul-Mineralead. 

YARNING: The pipe at the Bell and Spigot must be 
clean and free from accumulations of oil, grease, dirt and 
tar. If Jute is used, only Dry, Braided is recommended. 
Sterilpak (described below) is advised because of its 
many advantages over ordinary yarn or jute. 
POURING: See that the joints are clean. Use mud on 
the asbestos runner to prevent adhesion with the Tegul- 
Mineralead and to seal any leaks. Pour the melted com- 
pound slowly through a high pouring gate, using ladles 
or a pouring pot of sufficient capacity so that the joint 
can be filled at one operation. Add whole or half ingots 
to replace Tegul-Mineralead used. It is not necessary to 
wait for complete melting before pouring more joints. 
Cut off the pouring gate when the compound has solidi- 
fied. Remove the runner and the joint is finished. 
POURING WET JOINTS: The same general process 
is used as described above except that the runner must be 


STERILPAK—Rubber Packing for 
Yarning Bell and Spigot Joints in 
Cast Iron Water Mains 


Sterilpak avoids the extreme difficulty often encountered 
in sterilizing water lines whose joints have been packed 
with jute or hemp. Sterilpak requires only one thorough 
chlorination since any bacteria present are on the sur- 
face only. Easily applied, dams off water in making wet 
joints, centers the pipe, economical. Supplied in round 
and wedge shapes. 


Quantities of STERILPAK and Tegul-MINERALEAD 
required per joint in Bell and Spigot Cast Iron Water Pipe 








THE ATLAS MINERAL PRODUCTS COMPANY 


for Jointing Bell and Spigot Water Mains 


MERTZTOWN, PA. 





held away from the bell at the bottom of the joint to pro- 
vide an outlet through which the Tegul-Mineralead can 
drive out the water. When the compound flows freely 
through this opening, close it with clay and continue 
pouring until the gate is full. Better results are obtained 
if the Tegul-Mineralead is heated to just below the thick- 
ening point. 


Advantages 


Tegul-Mineralead has greater adhesion to metallic and 
ceramic surfaces, greater resistance to vibration, mechani- 
cal shock and changes in temperature, greater plasticity. 
and a lower coefficient of expansion than have unplas- 
ticized sulphur cements. Tegul-Mineralead has the fol- 
lowing specific properties : 

1. The “initial” leakage is greatly reduced and a per. 
fectly tight joint is obtained in a shorter period of time. 
Thus less delay in construction and the elimination of the 
traffic problem caused by open trenches. 

2. Greater resistance to mechanical shock and vibration 
enable Tegul-Mineralead to stand up under conditions 
that will destroy lead joints. 

3. The resistance of Tegul-Mineralead to sudden 
changes in temperature is of importance when used in 
lines exposed to the elements or used for carrying hot 
water. 

4. Permanently tight and trouble-free water line under 
any ordinary conditions of use. 

Tegul-Mineralead is impervious to water, is convenient 
to handle and to store and is shipped in cartons contain- 
ing five 10-lb. ingots. Every batch of Tegul-Mineralead 
is sampled and tested before being accepted for shipment. 


G-K SEWER JOINT COMPOUND—A 
Positive, Permanent, Pliable Pipe Joint 


G-K SEWER JOINT COMPOUND is the originai 
bituminous sewer joint. It is not affected by water, sew- 
age, acids or the ordinary constituents of soil. Prevents 
infiltration, pollution of ground by leakage of sewage, 
and penetration of roots, such as are found in temperate 
climates. May be used in cold weather, remains flexible, 
does not require skilled labor. Successfully used for over 
30 years. Shipped in 120 and 270 lb. drums. 














Size of Pipe Rourd Svilpak Wedge Sterilpak Tegul-Mineralead Quantities of G-K Compound per joint: ef 
ee 29 27 1.9 Size of Depth of Cubic Inches Pounds Pounds’ 
6” 38 36 3 Pipe Joint of Compound Jute G-K 
9” ‘48 A4 46 4” 11%” 8.2 .03 52 
10” i 54 5.5 6” 134” 19.2 04 1.22 
2" 67 63 6.5 8” 13%” 31.2 15 1.98 
14” ie 72 75 10” 134” 38.1 26 2.42 
16” 1.34 88 10.1 12” 134” 48.2 31 3.07 
18” 1.50 .98 11.7 15” 134” 55 40 -5 
20” 1.64 1.07 12.6 18” 24” 83.7 47 5.31 
24” 1.95 1.27 14.9 21” 24," 120.1 65 7.59 
30” 2.40 1.56 18.4 24” 314" 136.5 "74 : 
36” 2.85 1:36 22 a 4 ' : 8.58 
42” 3.30 215 205 27" 2} 2 202.2 1.29 12.87 
48” 3.76 2.45 33. a0 ” = = —y 
The above iti i - v i- y ” ” r 4 
ties will be about 20% we 8 tees & ted on oe pm at of 36 3 450 2.44 28.8 


the pipe, 









*This calculation is based on 10% excess for possible waste. 
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NORTHROP & COMPANY, INC. 


Water Works Specialties and Supplies 
50 Church Street a NEW YORK, N. Y. 





Marlow Lightweight, Self-Priming Centrifugal Pumps 
3,000, 7,000 and 12,000 G.P.H. 


114”, 2”, and 3” sizes weighing respectively only 60*, 100, and 106 Ibs. (*76 Ibs. 
with cast iron pump). Easily carried by one or two men. 25 foot vertical suction 
lift and will discharge against a total head of 55 ft. Powered by four cycle, air- 
cooled gasoline engines equipped with magneto ignition, speed changer and tapered 
roller bearings on crankshaft. 

The pump shell is self-cleaning with open type impeller specially adapted for dirty 
water. A special long-wearing shaft seal replaces packing. Aluminum alloy construction, 








FREE TRIAL 





Two Wheel Mounted—7,000 to 200,000 G.P.H. 


2” to 10” Marlow gasoline engine powered units are mounted upon 
pneumatic or steel tired trailer carts. 

Pumps are equipped with trash type impellers, self-cleaning casings and 
special long-wearing shaft seals. Special feature allows removal of trash 
accumulated in the suction housing through hand hole plate without 
stopping engine or losing priming water. Automatic control device prevents 
re-circulation of water after pump is primed. 


Also complete line of Marlow Diaphragm and Plunger pumps. 


NORTHROP Water Works Test Sets 


A complete test set for hydrant flows, pressure and loss of head. This set contains 
two Pitots with gauges, a faucet gauge which can also be used as a hydrant 
pressure gauge, and a hydrant adapter for use with the faucet gauge. All parts are 
chromium finished. 

The gauges are manufactured to specifications furnished by the National Board 
of Underwriters. One gauge indicates both pounds pressure and approximate 
equivalent in gals. per min. when used on 24%” hydrant connections. 


The Hand Pitot or Combination Hand & Clamp Pitot, each with a 2-scale gauge, 
may be ordered separately. These sets as well as the complete set are shipped in 
handsome carrying cases. Instructions for making Hydrant Discharge Measure- 
ments are enclosed. 





A—Hand Pitot with 
Air-Chamber and Thret- 
tling Cock. 


B—Combination Hand 
and Clamp Pitot with 
Air-Chamber and Throt- 
tling Cock. 


C—Two-Seale Gauge 
for 2%” hydrant open- 
ings; lbs. pressure and 
gals. per min. 





D—Hydrant Cap Gauge 
—100 or 150 lbs. 


E—Faucet Gauge—100 
er 150 lbs. 


F—H ydrant Cap 
Adapter. 














G—Carrying Case. 





Two weeks’ trial of any Marlow Light-Weight with full credit return if not satisfactory. 











OTHER PRODUCTS 


McDONALD 
Brass Goods 
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SCHRAMM 


Portable Compressors 
Stationary Compressors 
Pneumatic Tools 


* 
HOBART 


Thawing Generator 
2 


TAYLOR 


Slide Comparators 
Water Analyzer 


Color Standards 
& 


The “Flow-O-Meter”’ 
Leak Locators 

Pipe Finders 

The Meter-Master 
Air Valves 

Pipe Cutters 

Pipe Pushers 

Repair Couplings 
Steam Thawers 
Gauge Testers 

Meter Boxes & Yokes 
Valve & Curb Boxes 
Meter Testers 

Meter Seals & Books 
Lanterns & Torches 












MAINTENANCE OF WATERWORKS EQUIPMENT* 


By SHERMAN L. ROGERS, District Engineer 
Water Bureau, Hartford, Conn. 


Now, in the building of chaises, I’ll tell you what, 
There is always somewhere a weakest spot— 

In hub, tire, felloe, in spring or thill, 

In panel, or crossbar, or floor or sill, 

Find it somewhere you must and will 

And that’s the reason beyond a doubt 

That a chaise breaks down but doesn’t wear out. 


LIVER WENDELL HOLMES wrote the above lines many 

years before most of our modern machinery was even 
thought of. The moral in the poem is still more or less true, but 
I think that the statement that machinery “breaks down but 
doesn’t wear out” is slightly inaccurate. 

In waterworks operation, it is most important that machinery 
and equipment be in best possible condition for instant use, espe- 
cially emergency equipment which may be required at any moment 
to control or repair breaks in large pipe lines. 


Emergency Truck and Tool Trailer 


To control a break similar to one which occurred in a 30” cast- 
iron main in West Hartford last winter, we have a 1%4-ton truck 
equipped with maps, gate locations, gate wrenches and other too.s. 

A gate-closing mechanism for closing down the larger valves 
with the truck motor is also installed on this truck. With this 
mechanism a 30” gate which would ordinarily take four men 30 
minutes to close by hand can be closed in 10 minutes (see Fig. 1). 

This particular break, in which one length of 30” pipe split 
from end to end, occurred at about 10 a. m. and service was com- 
pletely restored within 9% hours. To accomplish speedy repair 
work like this, we keep a trailer tool box at our main yard com- 
pletely equipped with boots and enough hand tools to get repair 
work well under way. This eliminates delay while tools are be- 
ing assembled from various jobs. 


Compressors and Air Tools 


Since a large proportion of our main streets have a concrete 
base, an air compressor is usually needed to break down the pave- 
ment. We have five compressors and a Barco gasoline driven 
paving breaker. Two of the compressors are truck-mounted 
portable units and three are powered from the motors of the 
trucks on which they are mounted. Each compressor carries two 
paving breakers, two clay diggers, two tampers, a sump pump, 
and those on main pipe work also carry air-caulking and ship- 
ping hammers. 

The latest addition to our fleet of compressors is a 134-inch 
wheelbase Ford with the cab over the engine which also fur- 
nishes power for the compressor unit. The inside of the body is 
equipped with seats for the men and bins to carry various fit- 
tings used on service pipe work. 


Before a system of periodic tests and checkups was inaugurated, 
it was a frequent occurrence to have an air tool break down when 
most needed, or else have the foreman complain that the com- 
pressor assigned to him was no good because it would not run 
two paving breakers. Each operator now brings his compressor 
to the shop for a four-hour inspection and checkup every fifth 
week. The air output is first measured on the air meter to de- 
termine its efficiency. Air consumption tests are then made on 
the air tcols while the mechanics check over both compressor and 
truck engines. On power takeoff units, the speed of the com- 
pressor is also checked, since this depends on the setting of the 
governor and needs occasional adjustment for proper operation. 
Oil is changed, plugs, distributor and carburetor cleaned, and the 
whole outfit tightened and inspected. 


Testing and Repairing Paving Breakers 


The air meter is shown (Fig. 2) with a paving breaker con- 
nected for a test in the lead pot. The hose of the compressor is 
connected to the meter through the connection at the left in the 
illustration. A flat-pointed moil point is placed in the breaker 
and worked in the lead for 10 seconds. The air consumption in 
cubic feet of free air per minute is meanwhile being noted from 
the meter. A 2-inch penetration into the lead is required with 





{[*A paper presented before the New England Water Works 
taney and reproduced by permission of the Association.— 
“ditor]. 


an air consumption not exceeding 68 cu. ft. per minute. The 
breakers which we use were originally rated to take about 55 cu. 
ft. of air per minute when new, but this graduaily increases with 
wear. When making our first tests, we found several hammers 
which took 80 cu. ft. or more of air per minute, or 75% of the 
total output of the compressor. A breaker such as this appears 
to do as much work as ever, but if two such breakers were con- 
nected to a 105-cu. ft. compressor something would appear to be 
wrong right away. Formerly it was the compressor which took 
the blame instead of the breakers. 

Excessive air consumption can sometimes be reduced by taking 
the air tool apart and cleaning it, but if it has been used without 
oil and the cylinder is scored, or if it is badly worn, it is neces- 
sary either to install oversize pistons or have the cylinders built 
up by the chrome process, which is very satisfactory, and the 
cost is approximately ha.f that of a new paving breaker. Oil is 
very important in the operation of paving breakers, and we insist 
that the oil reservoirs in the handles be filled at least twice a day. 
During cold weather, three gallons of oil are diluted with one 
gallon of kerosene and one gallon of alcohol. The alcohol pre- 
vents the tools from freezing and the kerosene serves to dilute the 
oil and makes it mix with the alcohol more readily. 

The clay diggers and tampers are given an air consumption test, 
while the sump pumps are tested in a tub of water. Air con- 
sumption alone is a fairly accurate indication of the amount of 
water a pump will lift. We find that the pumps require about 80 
cu. ft. of air per minute to handle 180 g.p.m., while the clay dig- 
gers repair about 33 cu. ft., and the tampers, 28 cu. ft. per 
minute. 


Maintenance of Automotive Equipment 


Automobiles and trucks are also inspected at monthly intervals. 
This has proven to be a very good investment. Since inspections 
were started, there has not only been a decided improvement in 
the general condition of the units, but breakdowns on the road 
have been much less frequent. 

All cars are washed and greased bi-weekly by the night emer- 
gency men, and after every second washing are kept in the shop 
the next day to allow a mechanic to go over the unit, tighten the 
chassis, adjust brakes, carburetors and other equipment. Defects 
which cannot be repaired in the four hours a.lotted to the 
mechanic to work on the car are reported to the foreman, who 
makes arrangements for the work to be done at a later date. In 
this way the yard foreman has a definite knowledge of the con- 
dition of the cars and there is no excuse for breakdowns. 

The cars are all equipped with oil filters and oil is changed 
only twice a year. The filter cartridges are changed whenever 
they become dirty, which varies between 4,000 and 6,000 miles, 
depending on the condition of the motor. At one time we had 
about fifteen drums of crankcase drainings. To use up this old 
oil a Skinner. Oil Filter was set up in our filter plant, where our 





Emergency Truck with Motor-Operated Gate Mechanism (right) 
and Air-Operatea Gute Wrench (left). 
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own electricity is available. This filter takes the impurities out 
of the spent oil and its output is about 2 gallons per day. The 
filtrate, with an SAE number of about 30, has been used suc- 
cessfully in the older trucks, now for abcut two years. 

The average cost per mile for operating 23 half-ton pickup 
trucks was 3.65c per mile last year, and for operating eight 4-ton 
trucks, 6.3c per mile. The costs include office overheads, insur- 
ance and tires, but do not include depreciation. 

All pumps, large main-tapping machines and similar equipment 
are checked after being used. By this procedure, all equipment 
is kept in a condition to operate at all times. 


Meter Shop Practices 


Much the same procedure is followed in the care of meters. We 
plan to bring into the shop each year one-fifth of all our meters. 
This program, which was started in 1932, was completed for the 
first time in 1936 when we tested over 9,000 meters. 

Although we now have 2,160 more meters than in 1934, last 
year 467 fewer meters were removed for all causes, other than 
routine tests, than in 1934. We believe that this improvement is 
largely due to eliminating the weak lines before they break down. 


Used Meters Must Meet New Meter Accuracy 


Upon arrival at the shop all meters are tested at a rate of 4% 
their rated capacity, after which each meter is torn down, washed, 
and reassembled with necessary new parts. Every repaired meter 
is then tested and must meet the requirements of the NEWWA 
specifications for accuracy of new meters. 

All worn gear trains are repaired in the shop and certain of 
the chambers are remachined and pistons refitted to the cham- 
bers. Other chambers are repaired at the various meter factories, if 
we cannot quickly fit new discs to them ourselves. When repaired 
meters were first required to meet the NEWWA accuracy require- 
ments for new meters, it was necessary to revise our testing prece- 
dure. Previously, on the minimum test flow, which in the’ case of 
a %-inch meter is 0.25 g.p.m., we ran water at this rate through 
the meter for three minutes. For a 100% registration, the meters 
should read 0.1 cu. ft. Since it was almost impossible to difffer- 
entiate between 0.08 and 0.09 of a cu. ft. and since 0,09 was re- 
quired for the meter to pass, it was necessary to run a full foot of 
water into a one-foot test tank. This takes 30 minutes, and it 
seemed a waste of time and labor to have a man spend a half 
hour watching water run into a can. 


Automatic Meter Test Run 


The present electrical apparatus was rigged up to meet this con- 
dition. The flow is now started by opening a solenoid valve. 
When the test tank is filled a float in the tank closes an electri- 
cal circuit which trips the valve and shuts off the water. The 






volume in the tank is controlled by this means to within 1/10th 
of 1 per cent. By this means it is possible for one man te test 
two’ strings of 8 meters, each simultaneously, and on each flow 


enough water is run so that the test hand of the meter always 
makes at least one complete revolution. 
In the picture of the meter test equipment, the water gees 


through the meters which are at left of the picture, thence thr: ugh 
the solenoid valve “A” and the flow control valve “B” to the 
lord Testerate Indicator “C” (shown above valve “B”), and 
then to one of twe tanks. The large one is of 10 cu. ft. capacity 
and the smaller one holds 1 cu. ft. E ‘ach has a conical bottom and 
a reduced section at the top for greater accuracy. One of the 
two pipes coming out of the top ef the tanks is used for filij ing, 
and the other contains the float. 

This work is under the direction of Caleb Mills Saville, 
ager and chief engineer of the Water Bureau of the 
(Conn.) Metropolitan District, and cf Harold W. 
deputy manager and deputy chief engineer. 


man- 
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for Automatic 


Paving Breaker Under Efi- 
ciency Test (air meter on 
wall above). 


Equipment 
Meter Test 
Solenoid Valve; “B’—Flow 
Control Valve; “C”—Ford 
Testerate Indicator). 


Run (“A” 





EVALUATION OF PUMP BIDS BY A SIMPLE METHOD 
AND DETERMINATION OF POWER COSTS 


The estimated cost of electrical energy for pumping liquids 
over any assumed period of time, which is to be added to the bid 
price for pumping equipment for determination cf its evaluated 
may he obtained through the use of the formula 


3.14 Qhe 


E 
= Estimated power cost in dollars over the assumed 
evaluation period. 
Q = Estimated number of millions of gallons to be 
pumped during the same period. 


cost, 


CcC=— 


Where C 


h = Head in feet, on which guaranteed efficiency is 
based. 

c = Cost, in dollars, per KWH of electrical energy. 

EK = Guaranteed overall pump and motor (input-output ) 


efficiency at head “h,” expressed as decimal frac- 
tion and not as a percentage. 


The constant “3.14” is suitable for slide rule calculations and 
is sufficiently accurate for most cases, as the assumptions made 
are too broad for accurate estimates. Should it be necessary to 
determine the cost to the dollar (in case of very close bids and 
the selection must be made on a price basis), the figure 3.13975 
should be used. 

Example: Assume 

Q = 2,000 million gallons 
h = 100 feet 
c = $0.01 per KWH 
E = 0.7 (70 per cent) 
3.14 X 2,000 X 100 X 0.01 
cm cancer 


0.7 
= $8,970. 


This simplified formula for evaluating pump bids was developed 
by C. I. Dodd of Black & Veatch, Engrs., Kansas City, Mo. 











M & H VALVE AND FITTINGS COMPANY 






ANNISTON, ALABAMA 





VALVES, HYDRANTS AND WATER WORKS ACCESSORIES 


Protection of public water systems and fire protection for municipalities under war 
conditions involves a greatly increased number of control valves and hydrants on the water 


mains. 
ability can safely be recommended. 


5) 





M & H FIRE HYDRANTS 
Conform to latest A.W.W.A. 
rugged design minimizes maintenance costs. 


Simple, 


specifications. 
Features are: 


1. Dry Top—Operating threads protected from action of 
water. No rust, corrosion or freezing. 


2. Easy Lubrication of operating nut, threads and pack- 
ing through lubricating screw in top of operating nut. 


3. Revolving Head, outlets faced in any direction. 
. Addition of Steamer Nozzle, without digging up 
hydrant or requiring complete new barrel. 


- Lengthening of Hydrant without digging up or requiring 
complete new barrel. 


i 


wa 


6. Double Lead Gaskets on Bronze valve seat. 

7. Removal of Bronze Seat, or any working part, without 
digging up Hydrant. 

8. Double Drain Valves, absolutely positive, insuring 


quick and complete draining of Hydrant. 


9. Lugs on Bell of Hydrant Shoe for strapping to the water 
main, if desired. 


10. Compression Type. Water pressure keeps valve tight. 


SPECIAL TRAFFIC MODEL FIRE HYDRANT 


Equipped with cast iron bolts and breakable coupling 
on the stem. Breakage due to traffic collision is limited 
to these cast iron parts which are easily and quickly re- 
placed without shutting off the pressure. 








M & H products with their record of high quality, rugged strength and depend- 


M & H A.W.W.A. GATE VALVES 


Iron body, bronze mounted gate valves are furnished in 
the double disc parallel seat or solid wedge types with non- 
rising stem, outside screw and yoke, or with sliding stem 
and lever. Supplied to fit any standardized pipe connec- 
tions. By-pass valves can be furnished, unless otherwise 
specified, in sizes according to A.W.W.A. specifications. 


SPECIAL TYPES 


Hydraulically Operated: for remote control of operation 
and for quicker, easier opening or closing. Can be sup- 
plied in any of the standard sizes of M & H A.W.W.A. gate 
valves, either high or low pressure. 


M & H Square Bottom Gate Valves: specially designed for 
operation in any position. Particularly recommended for 
use in intake towers or at the foot of dams; for pressure 
regulation by throttling the flow of water in centrifugal 
pump discharge lines; for regulation of flow in feed line 
to a filter bed; and for flow regulation from a reservoir 
where there is unbalanced pressure against the gates. 


PRESSURE CLASSIFICATION—2” TO 30” SIZES 


Class Working Pressure Hydrostatic Test 
AA O- 25 Ib. 50 Ib. 
A 26- 50 lb. 100 Ib. 
B 51 - 100 Ib. 200 Ib. 
Cc 101 - 200 Ib. 350 Ib. 


CHECK VALVES 


For installation in 
horizontal or: vertical 
position. Can be sup- 
plied with by-passes. 
May be furnished 
with outside lever 
and weight. Sizes 
from 2” to 12” for 
working pressures up 


to 200 Ibs. 





OTHER PRODUCTS 
Tapping Valves 


Flanged Fittings 


Mud Valves Flange and Flare Fittings 
Shear Gates B & S Fittings 
Flap Valves Cutting-In Tees 


Valve Boxes 
Special Castings J 


Wall Castings 
Floor Stands 















WATER REQUIREMENTS” 






Volume Demand and Rates of Flow 
for Various Uses and Fixtures 


Twenty gallons per capita daily is generally conceded to be the 
absolute minimum quantity of water needed to carry out, prop- 
erly, the various functions of life of those served a supply of 
water piped into the property. 


The basis for such a per user estimate is the following: 


EE RE ED SE ee Sr 1 gal. 
SS SEEN RTI arom eee ae 
MN Pine See os a * 
hy Se”  ) eee eee ig 


(Possibly the item “Drinking” includes all water used in the 
kitchen.. However, nothing is shown for scrubbing and other mis- 
cellaneous uses. So it is apparent that the average per user 
requirement should be at least 25 gallons and the reasonable 
minimum probably more nearly 30 gallons. In fact, surveys have 
revealed such to be the case.) 


In a recent review of water consumption data the following 
procedure in estimating appears.* 

“For purposes of estimating the probable use of water in a 
given building the engineer considers those quantities which are 
used for specific domestic operations and which do not vary 
appreciably with size of family, as well as the basic consumption 
rate of 20 gallons per capita per day. The total amount of water 
used in sprinkling a lawn does not vary with the number of per- 
sons living in a given house, nor does the quantity used for wash- 
ing the family car. On the other hand, the use of water for 
personal kathing is directly related to the number of persons in 
the household. 


“The figures which are presented here are subject to some 
variation but they may well serve as an index of the amounts 
which may reasonably be considered to be used in carrying out 
various domestic operations. Studies here and abroad have indi- 
cated that about one-half to two-thirds of the water used in ordi- 
nary household consumption is heated (bathing, laundering, dish- 
washing, etc.).” 


Operation Quantity-of-Water 
og ETS Pane re SRL EA” 25 gallons/bath 
Shower bath 5 gallons/min. 
Additional toilet flush/person.................... 6 gailons/diem 
Sprinkling lawn (%-inch hose)................ 7 gallons/min. 
Washing automobile ...............--....<cc....-... 150 gallons 
Basic quantity/person .................:...20:0se000+ 20 gallons/diem 


“Two examples will illustrate the use of these data. 

Example 1.—A family of five persons is to build a single house 
on a lot 50 by 100 ft. in a fairly good neighborhood. They plan 
to have a bathtub and do home laundering, tut they have no auto- 
mobile. How much water per capita (in round numbers) should 
be estimated as the daily consumption for this family 


Basic figure = 5 <X B= 10 god. 


Lawn watering = 20 min./diem for 3 mos. = 5 min./diem 
= 35 g.p.d. 
Bathing—2 baths/week/person=5 x 50/7 = 35 g.p.d. 
Total = 170 g.p.d. 
Per capita consumption = 34 g.p.d. 


Example 2—A family of three is to build a large house on a 
plot 125 by 250 ft. in an exclusive section of town. Laundering 
is to be done at home and the two cars probably will be washed 
twice a month at home. There is a shower for the head of the 
house, and two baths for the two women. What water consump- 
tion per capita could be estimated here? 


Besse foe = 3 X B= .........................:... 60 g.p.d. 
Additional toilet flushes, 3 &K 6 =..........000000...-.... 18 g.p.d. 
Lawn watering 1 hour/day for 4 mos. = 20 

eee Fae TOG. Ge GORE Bannan cceccsccecscceecsceesenee 140 g.p.d. 
TT 50 g.p.d. 
Showers—10 min./diem = =..00.0........-2-...cccceseseeeeeee 50 g.p.d. 
Washing cars—600 gal./mo. =. .022..-.22--2---eseceeeceeee 20 g.p.d. 


Total 326 g.p.d. 
Per capita consumption 109 g.p.d. 
*Based on data and computations in a review of water requirements 


in “Domestic Water Consumption” Jour. A.W.W.A., December, 1939— 
by M. A. Pond, and published information from various other sources. 





Similar methods of approach may be used in solving problems 
involving large apartments and housing projects.”—Jour. A.W. 
W.A. 


In an analysis of available survey statistics from representa- 
tive cities, essentially, the following conclusions appear in the 
same article.* 


(1) The minimum domestic water requirements for an urban 
community or household should be assumed at not less than 
30 gals./capita/day. 


(2) For design of systems, service lines and interior piping 
it is safer practice in general to use a figure of 40 gals./ 
capita/day. 


(3) The increase in consumption can be estimated at a rate 
of 1% per year, until a maximum of 50 gals./capita/day 
is reached. 


Water Requirements in Various Types of Housing 


The following estimates of expected consumption in various 
types of housing are based on data presented in the same review. 


Type of Housing Gal./Capita/Day 

Single Family Houses 

SE a ee ae Eee Renee A ee Re, ue hte 35 

En ote ree. eer tee er aoe 55 

a a ee eee cn me eee Se ete 100+ 
2, 3 and 4 Family Houses 

pe ee rE ee Tee 35 

I a nb ns scica okas vel ciisegsccoud vinden 40 

ee RONNIE, 5 SI ET 55 
Apartment Houses 

I A gna dn ascenysnscevecesavornuees ordi 75 

Re a EN ct ELIAS 100+ 
Housing Projects 

US oT ns co sealéoniamigcssunteaddiadnatisinemticieeaeen 35 

EE A ARNE TT ee 45** 

I sascha crn sisininitcsevaaintnsoaienieccwatseaawnntamaiarbeaaty 90 


RATES OF DRAFT PER FIXTURE OR USE 


Gallons 


Individual Needs per Day 


For all household purposes, including kitchen, laun- 
ga tec Ro csictrace vas caeo ikon oaaseestc ns sichisencaaede 


Ee a ee OE ee 10 
TL ae eT OES ee Oe 10 
as craze vsioesSroe acbsnomtaslcaadscaapindai 5 
Ee OY BAe eee 5 
Continuous flowing drinking fountains............................ 75 
Gallons 

Lawn Fixtures per Hour 
tZ-inch hose with. nNOZZIE................-...-..c-ce-ceccesco-eovesconeossoeee 200 
ee are 300 


i ee i a 120 
Park or golf course sprinkler covering a 106-ft. 
diameter area, with %-inch main nozzle operating 
at SD Tes. maemte. premuee........<.:22 he. 


Domestic Fixtures Gallons 
Filling the ordinary lavatory ..............-.--.--.ececsssseees eee 1% 
Filling the average bath tub......................22-...c0:sssseeeee 30 
Flushing water cabinet closet.................-.------c:c-ecsc-sseoseseese 6 
| ER SERS EI Pee ee: 


(From, Peerless Pump Bulletin) 


**In measuring the proportion of total consumption that was used 
as heated water the average was 66%, or 28 gallons in the average 
total of 42 gallons used per head. 














RATES OF FLOW FROM FIXTURES 
Gallons per Minutet 














Fixture Fair Good Excellent 
Bath Tubs a 18 10 
Showers (5” to 8” heads)................-. 3 6 8 
ee Dae Onna EEO UNE UP ENOENE 3 5 8 
ee nee 4 8 10 
Sinks (Kitchen & Pantry)................- 4 8 10 
Hose (Sprinkling & Washing).......... 5 8 10 
Ch a, ts) | 2 3 5 
Toilet Flush (Flushometer)................ 20 30 40 


¢Copper and Brass Research Association figures, supported by other 
data. 


Expected Consumption Rates and Requisite 
Pipe Sizes in Apartment Buildings 

The following tables taken from a bulletin of the Bridgeport 
Brass Co. indicate expected reasonable rates of draft by apart- 
ments of various sizes and number of baths. Also is listed the 
minimum sizes of service lines and recommended sizes of riser 
pipes, based on a pressure loss of 10 Ibs./100 ft. of run, and 
terminal fixtures pressure of 15 lbs./sq./in. during water use in 
ali apartments on the same riser, from top floor to ground. 


TABLE 1. 


RATES OF USE AND WATER SUPPLY RISERS FOR 
APARTMENT HOUSES 
(Based Upon 1-2 & 3 Baths per Ap’t.) 


One (1) Bath Apartment Two (2) Bath Apartment Three (3) Bath Apartment 
1 bath 5 gals. 2 baths. i 3 baths 30 


24 gais. gals. 
1 W. C. 8 gals. 2 Ww. C. 14 gals. 3 W. C. 18 gals. 
1 sink 4 gals. 1 sink 4 gals. 1 sink 4 gals. 
1 lav. 4 gals. 2 lavs. 6 gals. 3 lavs. 9 gals. 








31 gals. 48 gals. 61 gals. 
60% demand, 15 gals. per min. 40%, 20 gals. per min. 40%, 24 gals. per min. 





























RISER | RISER RISER 

Top Floor....| 165 gals. 14," 20 gals. 144" 24 gals. 14" 
Next.........| 28 gals. 144” 38 gals. 14," 43 gals. | 2” 

MR oases 38 gals. 11," 64 gals. 2’ 64 gals. 2’ 

ee 61 gals. 2” 68 gals. 2° 82 gals. 2” 

Ee 60 gals. 80 gals. 2” 96 gals. 21," 
ae 67 gals. = 90 gals. 2 108 gals. 2," 
Next.........| 71 gals. 2° 98 gals. 21,” 117 gals. 24," 
Next.........| 78 gals. > 104 gals. 212” | 124 gals. 21," 
Rep 81 gals. 2” 108 gals. 2142" | 134gals. | 214” 
ee 83 gals. ” 110 gals. 214” | 143 gals. 21,” 
Se 84 gals. | 2” 110 gals. 242" | 143 gals. 21," 
ere 85 gals. _ 110 gals. 214" | 143 gals. 2," 








TABLE 2. 


APARTMENT HOUSE SUPPLY SIZES OF SERVIC. 
LINES FROM MAIN 


(Based on Pressure Loss of 10 Ibs./100 ft. Run) 


For 4 and 5 Stories 


























— | APARTMENTS PER FLOOR 
Baths Four Six Eight Ten 
| Gals. Main | Gals. Main | Gals. Main | Gals. Main 
1 bath 120 21," 160 3” 200 f od 
2baths 160 3” 200 3” 240 3 x 330 Hf 
3 baths 200 3’ 240 3” 280 3” 320 3,” 











For 6, 7 and 8 Stories 





APARTMENTS PER FLOOR 























No. of | Four Six Eight Ten 
s | 
| Gals. Main | Gals. Main | Gals. Main | Gals. Main 
1bath | 160 2%" | 190 38° 230 (3° 270 3° 
2 baths | 190 His 230 3° 270 63° 310 3%" 
Sbath | 230 93” 270 = 3” 310 3%" | 360 32° 








For 9, 10, 11 and 12 Stories 





APARTMENTS PER FLOOR 

















iy: 





300-314" 350 
350 86314" 400 
400 3 460 


No. of | 

Baths | Four Six Eight Ten 
/Gals. Main | Gals. © Main | Gals. | Main | Gals. Main 

1bath | 200 3° 250 3° 

Zbaths | 250 3” 300 
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DELIVERY THROUGH BRASS AND COPPER PIPES 
OF VARIOUS SIZES FOR VARIOUS PRESSURE DROPS 


(Each line being 100 ft. long) 








Pressure 
Drop Gallons per Min. Delivery Through 
(Lbs.) H%” yy" %" rE 114” > eh 24%” 
5 2 3 7 13 40 80 150 
10 3 5 10 20 60 130 8 8=225 
20 4 7 15 30 90 200 300 
30 5 y 20 40 120 250 375 








Blotting Out Waste 
What Leaks May Cost 


Safe Water 
delivered night and day 
Costs Less 
than anything else you buy 
ee but e- 

>. 
Don’t Ignore 
Leaks! 
nur 1 
Satisfied customers are worth 6 
more to us than revenue 


secured from water useless 1 
passing through meters. ve 


SS 


s 


* 


INDIANAPOLIS WATER CO. 





Size 
ad 


Cost 


Gallons per Gallons 
a4 Hours per Month per Month 


47,600 1,451,800 $156.21 


O 12,300 375,150 60.05 


© 3,200 97,600 
o 860 26,230 


215 «6,550 


( Above estimates are based on Indiana; 
pressure without allowance for friction 


19.65 


6.35 


1.97 


) 


The above is a reproduction of the top side of a little blotter 
sent out to customers, reminding them of the high cost of allow- 
ing fixture leaks to. persist. If as good at blotting waste as ink, 


the scheme is praiseworthy. 


Incidentally, the Indianapolis Water Company gets in a good 
public-relations message about satisfied customers being worth 
more to them than the added revenue from the uselessly metered 


wastage. 








































SAND REMOVAL FROM WELL WATER 





Some Notes on the Use of Brassert Automatic Self-Cleaning Strainers at Houston, T exas 
By G. L. FUGATE, Chief Engineer 


Water Department, Houston, Texas 


‘Tae acquifers of the ground source of water supply in the 
West Gulf Coastal Plain, in which Houston is located, are 
composed of unconsolidated sands. At Houston some of these 
sands are of such size that 95 per cent is retained on a 150 
mesh screen and the remaining 5 per cent is retained on a 200 
mesh screen. The best constructed wells will produce some 
sand, and more when operated intermittently. 

Many of these fines in the 5 per cent retained on the 200 
mesh are conical shaped. They settle slowly and the velocity 
through the relatively small suction storage tanks is often too 
high to permit their removal by sedimentation. As a result, they 
are transmitted into the distribution system. This in turn causes 
customers to complain and creates troublesome and expensive 
meter maintenance and possible loss of revenue because of 
clogged or damaged meters. 

Such conditions brought about studies to determine how the 
fines might be removed by means of mechanical equipment. 
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A Brassert Strainer 
Showing the screen studded revolving cone. 
Houston strainers have 2,528 of these 


screens. Two Views of the Automatic Sand Strainers at Houston, Texa. 





These studies led finally to installing two Automatic Mechanical 
Strainers, manufactured by H. A. Brassert & Co., of Chicago, 
One installation was made at the Scott Street Plant and one at 
the South End Plant. 

It is believed that the installation of these strainers here at 
Houston in the Fall of 1939 represents the first application of 
these industrial water supply strainers for the interception and 
removal of fine sand from a public water supply. We under- 
stand that more recently an installation of the same sort has 
been made in El Paso, Texas. There are possibly others also by 
this time. With Houston, however, the scheme appeared to be 
sound but the installation was made on an experimental basis. — 


The Brassert Strainers 

Construction details of these automatic self-cleaning mechanical 
strainers are shown in Fig. 1, a drawing supplied by the manu- 
facturer. 
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Briefly described, the Brassert strainer consists essentially of 
a rotating cone-shaped drum, fixed to a vertical shaft, centered 
within a cast iron housing. The entire vertical surface of this 
drum is drilled with rows of holes into which are inserted the 
screening media. A washout orifice, in the form of an internal 
vertical slot cast integrally with the housing, is machined and 
lapped into the contour of the drum to engage one vertical row 
of holes on the drum as it rotates. 

Water enters through an inlet at the bottom of the housing, 
then, rising around the revolving drum, passes through the 
screening media and into the drum. In the process, sand or 
other matter to be strained is accumulated on the screening 
discs and carried by the continuous rotation of the drum to the 
washout slot, where it is flushed out by a reverse flow of clean 
water from inside the drum. The discharge of clean water is 
effected through an outlet at the bot:om of the housing, opposite 
the inlet. 

The drawing (Fig. 1) used with this description is of a 
smaller sized unit than the 24-inch rnits installed in Houston— 
the substitution of the drawing being a result of the fact that 
the small lettering on the drawing of the Houston units, and 
greater amount of detail, is not subject to as satisfactory repro- 
duction in magazine page size. Even so, some of the unimpor- 
tant details may not be readable without use of a magnifying 
glass. 

The 24-inch units instal'ed in Houston weigh approximately 
19,000 pounds each, have an overall height of a little better than 
108 inches, and measure 76 inches from inlet to outlet flanges. 
The strainer drum contains 2,528 screening discs of 200 mesh 
stainless steel screen. The drum is rotated by a 5 hp. 220-volt 
motor. 


Operating Experiences 

When these strainers were put into operation they clogged 
rapidly. Under the microscope the conical shaped sands, men- 
tioned before, could be seen wedged in the screen openings and 
the automatic low pressure back-wash was insufficient to effec- 
tively dislodge them. A connection was made to the distribution 
side of the high lift pumps so that high pressure and a relatively 
large volume of back-wash water could also be used as re- 
quired at intervals and for short periods of time. This method 
proved effective and the frequency of high pressure back-wash- 
ing varies with the quantity of sand in the water. The strainer 
units must be valved off from service during the high pressure 
washing, and this procedure, without power operated valves, 
proved more or less laborious. The State Hea'th Authorities 
ruled that the high pressure back-wash line was a cross connec- 
tion between treated and untreated water and its use for a time 





Fig. 2—Operating Chart for South End Plant 
(Note that no high-pressure washes were required during this 
operating period. Where the pen drops back indicates the auto- 
matic low pressure washes, their frequency depending upon pump- 
ing rates and quantity of sand being delivered by the wells.) 
















was abandoned and the strainers not operated. This objection 
has now been eliminated. 


Pre-Chlorination Solves Two Problems 

As the result of a gelatinous, non-pathogenic organism found 
growing in the wells, the chlorination of the water before it 
entered the suction storage tanks was begun, to assist in taste 
and odor control. A residual of about 1.4 ppm. is now being 
maintained in the tanks and this eliminates the cross-connection 
objection. The strainer at the South End Plant has been put 
back into service and it is found that since the pre-chlorination 
was begun, the clogging of the screens is less. The reason for 
this is that the gelatinous material enveloping the sand grains js, 
by chlorination, broken away, leaving the grain clean. It is also 
noted at the other plants, where sedimentation only is depended 
upon for sand removal, that the removal there is also improvd 
by pre-chlorination. 


Washing Economy Improved 

To conserve wash water, the drain from the screen chamber 
has been equipped with an automatic valve. When the pressure 
has increased to a predetermined value, due to the clogging of 
the screen, the differential of pressure between the feed and the 
drain sides operates an electric motor control so that the valve is 
opened and the screens are back-washed automatically by low 
pressure. A time relay on the control holds the valve open for 
one entire revolution of the screen drum. This scheme was sub- 
stituted for the continuous back-wash. The quantity of wash 
water has been reduced about 75 per cent in this manner. Oper- 
ating charts on the strainers are reproduced as Figs. 2 and 3. 


Conclusion 

The strainers definitely remove the sand and the cost of their 
installation and operation is fully justified. Like any other 
pioneering installation, there were “bugs” to be removed, and 
experience has taught us how to iron these out one after another, 


Operating Costs 
Operating Cost of Brassert Strainer Based on 
Pumpage, South End Plant, Houston, Texas, 
Increased head on well pump with power at 6 mills per 


1941 


ic yc kn ied coe ogy east Sidra caine evstaa adorn Ree $225.00 
5 horsepower to operate StVaiiers...... ..icccececsvcseses 196.UU 
Amortization and miterest at 690... 6.5.00. 00.08 seseee 360.00 
No extra labor employed. 
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Fig. 3 —Operating Chart for Scott Street Plant 
(The saw tooth pattern of the pen line indicates frequency of the 
automatic low pressure back-wash. Note the effect between 7 :30 
and 9:00 A.M. from the cutting in of a well which had been out 
of service for a time. The two high-pressure back-washes are in- 
dicated by the pen drop at 5:30 A.M. and 5:10 P.M.) 








RATING AND SAMPLING WELLS BY AN IMPROVED METHOD 
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By PAUL F. HOWARD, M.S.* 
Consulting Engr., Boston, Mass. 


It is oft-times desired and of importance to ascertain the quan- 
tity and quality of water yielded by an individual driven well 
connected to other wells of a water system. Experience has 
shown that analyses of samples of water taken .from individual 
wells by means of a hand pitcher-pump give false and meaning- 
less results, especially in relation to the iron content. Likewise 
the yield of an individual well by means of separate pumping 
furnishes but little if any information as to the yield of the in- 
dividual well when ganged together into a common system. 

The writer’s firm was engaged to investigate a water supply 
from about 90 driven wells. During the course of the work it 
became desirable to determine the yield of each individual well 
and the iron content of the water from each individual well un- 
der normal operating conditions. This was done by a device 
which we have called a Well Rater and Sampler. The device 
(see cut) was connected to the top of the well by a 2% inch 
wrought iron pipe about 2% feet long. At this point a 1% 
inch centrifugal pump was connected by the proper fittings and 
discharged through a 2 inch pipe. On the suction pipe a hand 
pump was attached to prime the pump. A 2 inch orifice flow 
meter was inserted in the discharge line and by means of a man- 
ometer the rate of flow was determined. The amount of the 
draw-down of the well, when connected to the well field, was 
determined by means of a mercury U tube connected to a sznall 
tube attached to the well cap, the tube extending into the well 
to a depth sufficiently great so that the end was at all times be- 
low the level of the water-table outside of the well. 

Before the Well Rater and Sampler was connected to the well 
the permanently installed valve on the suction line was closed. 
After the device was connected this valve was opened and the 
well was observed under actual working conditions—i.e., while 
it was being pumped along with the other wells by the large 
pump in the pumping station. The drawdown was revealed by 
the reading of the manometer connected to the tube in the well 
and recorded. Thereafter, the permanently installed valve was 
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WELL RATER AND SAMPLER 
The Hook-Up of the Well Rater and Sampler 


closed and the centrifugal pump started, the rate of pumping 
being controlled by a valve on the discharge line. As the dis- 
charge increased the drawdown increased, thus producing a de- 
flection on the manometer. When the manometer reading was 
the same as that already observed under the actual working con- 
ditions, as just described, the output of the well was assumed to 
be the same. The quantity being pumped was then determined 
by observing the deflection of the flow manometer on the pump 
discharge line. The results represented the actual amount of 
water that the well was contributing from the field as a whole 
when under actual pumping conditions. Samples of water for 
analyses, then taken at the point of discharge, were considered 
truly representative samples. 

By careful operation of the valve at the discharge end of the 
pipe the yield of the well was brought gradually up to the orig- 
inal yield at the beginning of pumping. Thereby higher veloci- 
ties fhan usual or ordinary in the pipe well were provided. Any 
excess velocities would, of course, free scale, rust and other 
matter and give false samples. The flow manometer in this 
particular instance was connected to the 2 inch orifice flow 
meter. [The liquid used to determine the differential pressure 
can be of any specific gravity desired depending upon the rate 
of flow to be measured. The most common is mercury for 
high flows and carbon tetrachloride, Specific Gravity 1.60, for 
low flows.] 

One side of the mercury U tube was connected to the tube in 
the well and filled with water from the surface of the mercury 
to the water level in the well, care being taken to remove all 
air. The other side of the U tube was left open to the atmos- 
phere. 


A Specific Case 


The following specific example will serve as an illustration. 
After the Well Rater and Sampler had been properly set up and 
connected to a well the mercury U tube was connected to the 
tube in the well. There was an initial deflection of mercury of 
3 inches which represented a water column of 40% inches, the 
distance from the water table to the mercury surface of the U 
tube. After an equilibrium had been reached the well was con- 
nected to the field and the mercury in the U tube deflected an 
additional amount corresponding in general to the distance the 
water table dropped outside of the well and specifically to the 
drop in pressure in the well. In this case the total deflection 
was 4%4 inches or a difference in deflection of 1% inches which 
equal 17 inches of water as the drawn down within the well. 

The well was then shut off from the other wells and the small 
test pump started. The discharge valve on the pump was then 
opened slowly, increasing the yield of the well until the draw- 
down deflection of mercury showed 4% inches. After this point 
was reached the flow manometer was observed to have a deflec- 
tion of 15% inches of mercury which on this meter represented 
a flow of 20.1 gallons per minute. 

The yield of the various wells in relation to the drawdown 
was plotted on arithmetic paper and the yield of each well was 
found to be directly proportional to its drawdown. The yield 
of the various wells varied from 1 to 25 gallons per minute and 
the drawdown varied from 5% to 26 inches. 

This device has been made use of in installing new driven 
well fields. By its use we have been able to predict reasonably 
well the draw down or vacuum to be expected in a system of 
driven wells and to eliminate uneconomic wells, which have a 
low yield in relation to the drawdown. Also with open end 
wells it has been possible to determine at what yield a well will 
throw sand sufficiently to result in filling up by sand. The 
equipment will probably be found to have other uses also. 

Acknowledgment—The above paper was presented before the 
New England Water Works Association, at Providence, R. L, 
Sept. 19, 1935, and appeared in Waterworks & SewaAce for 
December, 1935. 








PROTECTING A RESERVOIR AGAINST ICE 
A Simple Scheme That Has Proved Effective at Augusta, Me. 





By H. J. COOK, Engineer and Superintendent 


Auburn Water and Sewer Districts, Auburn, Maine 


ORE than thirty years ago, a concrete reservoir was con- 

structed by the Auburn Water Commission which then 
Was operating the public water supply system of the City of 
Auburn, Maine. the interior walls of this structure were nearly 
vertical. 

During its construction very little attention was paid to the 
bonding of the successive day’s runs. As some of this concrete 
was poured during freezing weather without proper precautions, 
the joints between the different days’ work were weak. 

When spring came, longitudinal cracks appeared at these loca- 
tions allowing extensive leakage. Apparently ice action was the 
cause of these failures. 

Various methods were tried to remedy this condition, but only 
temporary improvement resulted. When spring came, the same 
leaks reappeared. 

As the seasons passed, these leaks grew larger and the repairs 
more costly. Finally the interest on the money needed to make 
permanent repairs became less than the cost of pumping the 
water leaking through the walls. 

In 1940, a thick coating of Gunite was applied to the entire 
inside walls of the reservoir. 

Of course, Maine has real winters, and the real test of this 
Guneit lining was the manner in which it withstood the action 
of the ice. 


Protection Against Ice 


In order to decrease the effect of the expansion of the ice, and 
of the rising and falling of the ice surface, a string boom of 
logs was placed in the reservoir extending around the whole 
perimeter and kept about three feet from the walls. 

This boom was made of pine logs from 16” to 24” in diameter. 
These were cut on the Lake Auburn watershed, the source of 
supply for the municipality, and on property belonging to the 


Auburn Water District which now operates the public water 
supply system. 

‘These logs were peeled and placed end to end in the reservoir ; 
bemg joined by a splice of two-inch planks spiked firmly to 
each. Kvery hundred feet or so a two-inch plank, about three 
feet long, was fastened at right angles to the boom to keep 
it away from the walls (see photos). 


How the Boom Worked 


On visits to the reservoir during the winter, ice cracks along 
the line of logs were visible. It looked as though the boom was 
acting like a hinge, and as the ice rose and fell it cracked and 
heaved along this axis. 

There may be another action by which protection is given the 
walls by this device. As the winter progressed, several of the 
three-foot pieces of the bumper plank were torn off by the 
ice and the logs were pushed against the walls. As the ice rose, 
fell, and expanded, these logs appeared to move up and down 
the sides of the reservoir as rollers. 

As spring approached, the ice between the boom and the walls 
melted days before that in the remaining section of the reservoir. 
Many of the planks holding the logs together had pulled off, 
breaking the boom into small parts, but the walls were intact. 

The logs were rolled out and piled during the summer to 
prevent them from becoming water soaked. This fall they 
were replaced in the reservoir. However, chains were used to 
connect them this time. It is hoped that this boom will hold 
together better. Also it was much easier to construct with the 
use of chains. 

Whether the successful result of last winter was due to the 
use of a boom or to a good job of Guniting, or to a combination 
of both, the fact remains that for one year at least the walls 
have withstood the rigors of a Maine winter. 
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Reservoir. (As they looked after the first year’s duty.) 













METERING: PRACTICAL METHODS OF PROCEDURE* 





By E. H. RUEHL} 
Richmond, |’a. 


O METER or not to meter?” That is the question. 

‘hose who have gone through the problem of making 
initial installation of water meters know what significance these 
jew words can have and what discussions can be caused thereby. 

However, metered water service is being acknowledged more 
and more as being the best ail-round method of distributing the 
indispensable commodity, water. This is especially true since 
the unprecedented drought of 1930, and I am sure that if more 
communities were metered at that time the effects of the drought 
would have been less severe due to the lessened wastage of water. 


Why Services Should Be Meteerd 


There are many good reasons why water services should be 
metered, a few of which are: 

1. It is the fairest way of seiling water, as all customers pay 
in proportion to their respective consumptions. 

2. The water department or company has a pretty good check 
on the amount of water sold and by comparison with readings 
of a master meter can better establish losses and leakage and 
thereby reduce waste in the system in general. 

3. Leaks in consumers’ service lines can better be located. 

4. Knowledge of the various water consumptions is essential 
in establishing equitable water rates, and the only way in which 
this information can be obtained and analyzed is by metering of 
all services. 

In some cases, especially in the municipally owned plants, 
there are certain institutions, such as schools, hospitals and the 
like, that are supplied with water without charge, and these 
should be metered and read regularly to get the full benefits of 
100 per cent metering. 

And here let me digress a little to state that the words 
“municipally owned” are generally a misnomer, as in the majority 
of cases the municipality has a large obligation in the form of 
outstanding bonds, and the only part that is really municipally 
owned is the amount covered by bonds purchased back, or some 
such similar item. This is mentioned here because in the munici- 
pally operated plants we are so often confronted with the state- 
ment that the people own the plant and for this reason they 
should have all the water wanted for some flat rate that is 
nowhere commensurate with the cost of producing the water, the 
fixed charges being lost sight of entirely. 

5. It has been proven that as meters are installed that con- 
sumers’ wastes have been reduced and this in turn effects eco- 
nomies in the amount of power required to pump, if it be a 
pumping plant, and in treatment costs, which are getting higher 
and higher every day. 

6. As the water requirements of the city are kept within 
bounds and more or less controlled, the size of the treating and 
pumping plants and storage and distribution systems are kept to 
a minimum, thereby keeping capital investment to a minimum, 
as well as the necessary interest and sinking fund charges, which 
all result in keeping of the water rates at the lowest possible 
figure. 

7. As the time will most likely come when sewage treatment 
will become necessary in a good many places, the lowering of 
the water losses and wastes will redound to the town’s advan- 
tage in requiring a plant of smaller capacity than would be neces- 
sary if water usage and wastage were uncontrolled. Likewise, 
sewage pumping costs will be less. 

With all these reasons in favor of metering, the only ones 
against it are generally found to be caused by the selfish motives 
wherein certain customers may want to use unlimited quantities 
of water without paying a just price therefor. This can be over- 
come in a great many cases by explanation, and, in spite of the 
fact that many may be adamant at first, good results are usually 
obtained. 

Another argument against metering is sometimes set forth in 
that it is claimed that sanitary conditions will not be maintained 
1 water usage be curtailed due to the installation of meters, 
but it has been shown that for all purposes about 25 gallons per 
capita per day is all that is absolutely necessary. Under any 
ordinary rate the cost for this requirement for the average family 
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for an entire month would be modest, in most cases less than the 
cost of one filling of the gasol.ne tank of the automobile. 

It can therefore be seen that metering is beneficial to both the 
municipal plant or. privately owned company as well as to the 
consumer, since it contributes a means of compiling equitable 
rates and keeping bills to a minimum. 


Ownership and Location of Meters 


Since the type of meter and location of meter setting is 
governed to some extent by geographical location and local con- 
ditions, the remarks that are to follow must of necessity be 
confined more or less to a particular section and will apply to 
Virginia. 

The ownership and location of the water meter are two sub- 
jects on which divergence of opinion exists. In the writer’s 
opinion, the meter should be owned by the water department or 
company (being charged to capital account) and all maintenance 
should be done by the owners and charged to operating costs. 
In Virginia the meter setting just inside the curb line offers 
sO many advantages over other locations that these readily out- 
weigh any disadvantages in the nature of a small additional in- 
stallation cost, should this be the case. In a good many houses 
in this section of the country there are no basements in which to 
locate a meter. 


Advantages of Outside Setting 


The advantages of outside setting, located in the sidewalk 
space, are in general as follows: 

1. Meter reading is greatly facilitated due to the fact that the 
reader never needs to wait for a response from the householder 
on knocking, and should the party be absent it would necessitate 
making another trip to get the meter reading if the meter were 
located inside the house. The distance the meter readers have to 
walk is lessened when outside settings are used, and this in turn 
permits more meters to be read per day. 

2. The meter is always accessible to water department em- 
ployees for reading, inspecting, testing and repairing. 

3. The danger of the meter readers and other water depart- 
ment employees from attacks from vicious dogs is eliminated. 


4. The chance of unauthorized persons entering the house in 
the guise of water works employees is greatly eliminated. 

5. Chance of the meter being covered by rubbish, coal, kin- 
dling wood, etc., is done away with when the outside setting is 
used. 

6. More accurate reading can be procured when outside set- 
tings are used because of better lighting outside than generally 
exists in basements, under porches or other places where meters 
might be set. 

7. The line of separation between the water department and 
property owners’ liability is clearly defined and there is not much 
chance of unauthorized connections being made behind the meter. 

8. In case of necessity of cutting off the water for non-pay 
ment of bills there can be no dispute as to entering the premises 
if the meter and control are located at the curb line. 

9. The outside setting should be in a locked box and, as it is 
below the ground, is not so apt to be tampered with as would a 
setting in a more conspicuous place not protected by a box. 

10. Less danger of damage to the meter by hot water exists 
if set at the curb. 

11. Danger from freezing is practically eliminated in a well 
set meter, and in case of fire in the building supplied the meter 
is not in danger of being destroyed. 

In view of all these reasons the writer is of the opinion that 
the entire meter setting, including the necessary cut-off valve, 
should be located in the sidewalk space behind the curb line, 
and that the water department’s or company’s maintenance and 
obligations should stop at the customer’s side of the meter. 


Type of Setting 


The following remarks apply to the smaller size meter up to 
l-inch, and when larger sizes than this are used the condition 
must be studied separately and settings made to suit. 

It is realized that a properly set meter, although not always 
the cheapest, will receive more attention in general from the 
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water works operatives and in turn pay higher returns to the 
department. 

{t is a good plan to set the meter in a yoke with at least a 
control valve at the inlet side, although some prefer valves at 
both the inlet and outlet sides. This does away with the customary 
curb stop and box. 

The meter in its yoke, and with the control valve, should be set 
in an earthenware, concrete or iron box with sufficient clearance 
between the risers, if they be used, that the cold ground outside 
cannot cause the water in the pipes or meter to freeze. A type 
of box that has proven very satisfactory in.our section of the 
country is one 18 inches in diameter and 24 inches deep, with 
side slots at the lower end to accommodate the varying depths of 
the service pipe. The latter, we feel, should be about 24 inches 
below the ground. 

It is important that a lid be provided that fits the top of the 
box tightly, preferably being locked on with some kind of a 
locking device. If the lid is fastened on there will be no cir- 
culation of air in the box and consequently less danger from 
freezing. Another advantage is that if the lid is kept on tightly 
there is less danger of persons tampering with the meter or of 
pedestrians catching their feet in the hole, with a possible damage 
suit resulting. 

It is also very important that the bottom of the box extend 
below the maximum frost line so that the warm air from below 
can rise up around the meter and risers and keep the atmosphere 
in the box above freezing. In extreme cases it has been found 
that a smaller tile pipe about 8 inches in diameter put vertically 
into the ground below the bottom of the regular box (to reach 
warmer levels) overcame freezing troubles by admitting warmth 


from below. 
Meter Reading 


In the writer’s opinion, meters should be read monthly, if this 
is possible, as by so doing a closer touch is kept on losses and 
wastes, and due to the visiting of each meter every thirty days 
the stopped meter and other irregularities can be more effectively 
dealt with. In case a customer has a leak he can be notified 
within a reasonable time if the meters are read monthly, but if 
they are read, say, quarterly, the amount of leakage passed will 
more likely be an appreciable amount and cause some disagree- 
ableness when an attempt is made to collect the bill. 


Experiences at Bluefield, Virginia 


If you will pardon personal experiences, it may be of some 
interest to tell how the town of Bluefield recently attacked the 
problem of setting 700 meters at the rate of something like 100 
per week. This was carried on as follows: 

A work sketch was first made up and the various kinds of 
equipment decided on. After the meters, yolks, boxes and covers 
were ordered out, some figures were made up giving the length 
of pipe to be cut from the service to allow for elbows, yoke, 
valve, etc., and the vertical distance that cover, meter, yoke and 
fittings required was figured and each made into a constant. 

Actual installation started with several men digging holes, 






located from the curb boxes whenever possible, in a certain wel} 
defined section sc that one foreman could keep all things going. 
Two men, both of whom had some previous pipe fitting expe- 
rience, were formed into a “gang” and given instructions how 
to set the meters, and they then worked together for about a 
day. These men then were given a helper each and two Setting 
“gangs” were formed and these two helpers were in turn given 
helpers and four setting “gangs” were formed in a few days, 
The work was carried through, with as many men as were neces- 
sary to prepare the holes ahead of them. 


Tools Required 


Each of these setting gangs of two men each was furnished 
with a ratchet die holder and one-half and three-quarter inch 
dies, a hack saw, two 10-inch Stillson wrenches, a pipe vise 
attached to a four-legged board, a home-made wooden straight- 
edge, and a pair of hip boots. The men provided their own rules, 
The meters, yokes, boxes, covers, pipe, etc., were supplied to the 
location by a Ford truck. Galvanized nipples of various lengths 
were purchased and used wherever possible, as they could be 
purchased cheaper than we could buy, cut and thread the pipe. 

When the hole was opened down to the service pipe the meter- 
setting gang (two men) came along and the first thing they did 
was to lay the straight-edge across the hole and measure down 
to the service pipe, and from this the proper “constant,” referred 
to above, was subtracted, which gave the length of risers neces- 
sary to bring the top of the meter to the desired point below the 
meter box lid. If there was a standard nipple of length some- 
where near this dimension it was used. If not, the helper would 
cut pipe to the proper length and thread it. The meter setter in 
the meanwhile would be cutting a piece of pipe of predetermined 
length out of the service line and threading the cut ends for 
elbows. The risers were then screwed in and the yoke and meter 
set, after which the box was put in the hole. By using a set of 
specially made hooks the box was easily adjusted around the 
meters and risers, and the cover put on. 

Two men constituted the back filling gang and followed up all 
setting gangs, backfilling all holes and seeing that the lids were 
properly fastened. 

If the existing cut-off in the service line was so that it could 
be used to control the water it was used, but if not the meter 
setter would cut and thread the pipe under pressure, which only 
took a very few minutes. He would screw the riser pipe with 
contrel valve on, bail out the hole, and go on without having to 
dig back to the main or cut the water off of a section of the 
town. The water lost amounted to very little. 

One foreman looked after the entire job and 700 meters were 
set at the rate of about 100 per week. 

The cost of this work complete, including tools, boots, and 
everything, was slightly under $19 per setting, which also in- 
cluded the changing of some services where it was necessary. 

We believe that in a place where the services are fairly close 
together one foreman could handle about six meter setting gangs 
with the necessary hole diggers and could set about 150 meters 
per week, providing that everything is thoroughly planned ahead. 





RENOVATING WATER METERS 


Water companies, on the whole, and also several of the more 
progressive municipally owned water departments, have found 
that a little dressing up of overhauled meters before returning 
them to the customers’ service has a desirable psychological effect 
on the customer. The spray gun and gilt or silver lacquer or 
a .combination of the two is the most universally employed 
method of dressing up old meters after they have been over- 
hauled and tagged “O.K.” on the test bench. 

Mr. La Verne Trentlage, superintendent of meters in the 
water department of Elgin, Ill., has evolved a scheme which 
goes the spray-gilting method one better in making “new” meters 
out of old ones. In the Elgin scheme the metal parts of the 
meter are given a treatment which removes the oxidized or 
carbonated coating from the metal and leaves the parts as metal- 
bright as when turned out by the manufacturer. 


Cleaning and Brightening Procedure 


(1) Dip meter parts for 10 minutes in hot Trisodium Phos- 
phate solution (2% Ibs. or more of T.S.P. in 10 gallons of 
water). 

(2) Remove meter parts from T.S.P. solution and rinse in hot 
water to remove the alkali. 

(3) Dip the parts in Muriatic Acid soluticn (1 part 18 degree 


Muriatic Acid to 2 parts of water). Allow to remain in this 
acid bath for approximately 15 minutes, or longer if necessary. 
Remove and rinse in hot water. 

(4) To brighten to original lustre, immerse in the “bright-dip” 
solution (1 part 38 degree Nitric Acid, 1 part 66 degree Sulphuric 
Acid and 1 part water, plus a handful of common salt). Leave 
the parts in the bright dip for 5 to 10 seconds, the length of time 
depending on the composition of the metal and degree of bright- 
ness desired. 

(5) Remove and rinse in boiling water to remove acid. 

(6) Tokeep the parts from dulling on standing, a “stabilizing- 
dip” (especially prepared for this purpose) has been developed 
by General Chemical Company). After the rinse, the parts are 
dipped into this solution, removed and allowed to drain and dry. 

Notes of Caution: Always add acids to water and not water to 
acids when making dilutions. This will preclude over-heating and 
spattering of the acid. Be careful to avoid splashing of the acid 
when dipping the meter parts. In case acid accidentally splashes 
on hands or face, wash at once in clean water to avoid an acid 
burn. Spattered acid is also hard on clothing and shoes. Rubber 
aprons and gloves are good protection. 

Do not use iron or steel wire for dipping meter parts. Copper 
or monel metal wire is satisfactory. 











WATER METER MAINTENANCE PRACTICE 


As Conducted in Thirty-Six Cities in the United States and Sixteen Canadian Cities 
By A P. KURANZ, Superintendent, Water Department 


Waukesha, Wisconsin 


T THE request of officials of the American Water Works 
A Association, a survey has been made on “Meter Maintenance 
Practice” in cities over 30,000 population in Canada and in cities 
in the United States between 100,000 and 200,000 population. A 
questionnaire, developed with the assistance of several super- 
intendents, was sent to 21 Canadian cities and 47 United States 
cities. 

Before proceeding furiher, let me express my appreciation and 
thanks to every water department and its officials who so enthu- 
siastically responded to the questionnaire. Canadian cities re- 
turned 16 or 76.2 per cent, and American cities 36, representing 
a 76.6 per cent return. The replies came in within a short time 
after the questionnaires were sent, indicating great interest con- 
cerning this subject. Many letters were attached to the ques- 
tionnaires which gave additional information and encouragement 
in the work undertaken. It was a distinct privilege and pleasure 
to be permitted to make this survey and I trust that the answers 
and the analyses made will prove of some assistance to you. 


What the Returns Revealed 


Upon studying the returns, it was observed that the 3 in. 
meter was usually included with the 5% in., so a separate analysis 
of these two sizes appears to be uncalled for. The 1 in. size 
was treated very similarly to the 4% in. The only great differ- 
ence being in the registration permitted before meters were re- 
moved for testing and renovation. In all other respects the 1 in. 
meter was grouped with the % in. and % in., even to the test 
requirements and cost of repairs. There was not sufficient indi- 
vidual data to warrant repeating the analysis, so this survey 
deals entirely with the 54% in. disc type water meter. 

Question No. 1 

Do you test all new meters before you put them into service? 
If you test new meters, what is the lowest flow in G.P.M. at 
which they are tested, and what accuracy do you demand? 

37 cities test all meters. 

7 cities test from 1 to 25 per cent. 

8 cities do not test. 


Cities Rate of Test % Demanded 
GR Pe Rr Te ey rr .04 g.p.m. 75 
- en ree eer ee 125 to .2 g.p.m. 90- 98 
Bos sot es ee elas .250 g.p.m. 90- 95 
BORO oh ert wiavat sdk attiaecfaeets 3-.5 g.p.m. 95-102 
es os eh ba eawteeahoe .8-.873 g p.m. 96-102 
I vac ccazate eve win ore ee hanes 1.0-1.5 g.p.m. 98-102 
Pod vialediuy aks od binds te asin tee ee 98-102 
| ee rer 98-102 
RN EE eT aS ee 1/32 in. orifice 100 
Le ae Pee ee 1/16 in. orifice 98-102 
Bs ace cud wicca Saees 1/4 in. orifice 98-102 


It will be noted that the majority of the cities test their meters 
when they are purchased or before they are placed in service. 
While most cities ‘test their meters, it will also be observed 
_ that comparatively few test on the minimum requirements, namely, 
4 g.p.m. Only 11 cities of the 52 test their meters on %4 g.p.m. 
or less, including one city testing on 1/32 in. orifice. It appears 
that most water departments are concerned with proper registra- 
tion in the class ranging from 0.3 g.p.m. to 1.5 g.p.m. However, 
surveys available revealing that approximately 12 to 15 per cent 
of the water passing through a house meter passes at a rate of 
14 g.p.m. or less would indicate that all meters should be tested 
at the lower flows. 

The survey further indicates that there are still a considerable 
number who use the orifice method of testing, even though the 
method has become obsolete and is no longer recommended for 
accurate test. 

Question No. 2 

Do you remove meters after a certain amount of water has 
passed through them or do you set a period of time between 
removals ? 


A report made by the author to the American Water Works 
Association in Toronto June 26, 1941. It is here reproduced by 
permission of the Association. 


Cities Period Between Removals 
11....4.5 to 5 years. 
5; <3 Oto 7 years. 
4....10 to 20 years. 
15....Consumption—stopped—slowing down—complaint: 


11....Consumption and time (375,000 to 1,500,000 gallons). 
6....No answer. 


The survey indicates that there is a definite interest being 
shown in the problem of having meters returned to the shop for 
periodic inspection. The period varies greatly and, no doubt, is 
caused by the action of the individual waters upon the meters. 
Only a few are permitting the meters to stop or slow down and 
only one uses the complaint method for removal cause. Eleven 
of the 52 cities reporting reveal that they use time element and 
consumption, which apparently is the most efficient way of han- 
dling this problem. 

Question No. 3 

Do you remove meters in a certain section of your city or do 
you follow the selective manner? 
Cities Method 

8....By section of city. 

33....Selective. 

2...-. both. 

9....No answer. 

Replies to question No. 2 have brought before us the fact that 
greater attention is being paid to the meter, and the fact that 
33 of the 52 cities use a selective means of removal for test 
further indicates that the meter is not installed and then for- 
gotten. 

QuEsTION No. 4 

How much time per meter is required to bring a meter into 
the shop? 
Cities Time Required 
..-.10 to 20 minutes. 
6....22 to 28 minutes. 
10....30 minutes. 
8....40 to 50 minutes. 


9....60 minutes. 
1....90 minutes. 
10....No answer. 


The survey shows that there is some variation, but no doubt 
a more detailed survey of what is involved in the removal of a 
meter might give us greater knowledge. When 41 of the 52 
cities report from 10 minutes to 1 hour, it seems that the time 
required all depends upon how much additional work. is neces- 
sary to restore service to the customer after the meter had been 
removed. 

Question No. 5 

Do you test meters as they are brought into the shop for 
repairs? If your answer is “yes,” what is the lowest flow at 
which they are tested? 


Cities Answer 
BE oss NR 
4....QOn complaint or request. 
ih... ..Meo:; 
Cities Rate of Flow 
3.... .14-.2 g.p.m. 
8.....25 g.p.m. 
1 3-1.0 g.pm. 


2 

2..1.5-2.5 g.p.m. 
3....5.0-8.0 g.p.m. 
1....Full flow. 


3....1/32 in. orifice. 
6....1/16 in. orifice. 
2....1/4 in. orifice. 


12....No report. 

The replies to this question indicate clearly that the manager 
or superintendent is keenly interested in what his meter has done 
or is doing under actual working conditions. The second part 
of the question further indicates this view because quite a num- 
ber test the meter on a small flow. Again attention is called to 
the use of the orifice method of testing which has become 
obsolete. 

















Question No. 6 
Do you take the meter apart completely? If you take only 
part of the meter apart, what part? 


Cities Method 
50....Complete disassembly. 
2....In part only. 


3 (of 50) take a part only on low test. 

From the answers to this question, it is very evident that the 
utility is concerned about keeping the meter in good repair, other- 
wise meters would not be completely disassembled. 

Question No. 7 
What method of cleaning disc chambers do you use? 


Cities Method 
31....Use brush, scraper, emery cloth, sandpaper, powder 
(either alone or in combination). 
10....Use brush, scraper, emery cloth and acid in combination. 
8....Use acid only. 
1....Uses powder and hot water. 
1....Uses water only. 
1....Uses all methods. 


This further bears out the fact that the water department is 
interested in keeping the “precision instrument” as near perfect 
as possible. Different waters, of course, will affect the meter 
materially, some responding to a certain kind of treatment while 
others are immune to it, but a survey such as this, which covers 
the United States and Canada, clearly indicates that mechanical 
means of removing foreign deposit or corrosion is still favored 
by most cities. Fine emery cloth and sandpaper and brush seem 
to be the chief implements used in removing foreign material. 
The small number using acid only indicates that departments have 
discovered that unless one is adept with the use of this material. 
more harm than good is done. 

Question No. 8 

Do you repair gear trains by putting in individual gears or a 

complete new train? 


Cities Method 


30... . Individual. 


| Recipient of the Geo. W. Fuller Award, Mr. Kuranz was cited.—‘For his outstanding work in developing meter testing methods 
and meter maintenance procedure.”—Ed.]| 





8....Complete. 

14....Both. 

Since practically all meter companies now make the all oil 
enclosed gear trains, the question has arisen concerning the main- 
tenance of the gear train itself. It appears that most depart- 
ments still believe that proper repairs can be made by replacing 
just the worn gears with new ones, instead of replacement of 
the complete train. However, the mere fact that 8 use nothing 
but a complete train in repairing the gear train and 14 use both 
methods indicates that the time element involved in  substi- 
tuting individual gears for the worn ones is an important factor. 
QuEstTIon No. 9 


Do you test meters after they are repaired? If your answer is 
“ves,” what is the lowest flow in G.P.M. at which they are tested 
and what accuracy do you demand? 

To the first question, all 52 cities answered “yes.” 
test flows employed the following: 


As to the 


Cities Lowest Flow Rate 
2 .04-.16 g.p.m. 
10 .25 g.p.m 
5.6. ee Bem 
9 75-1.0 g.pm 


5.... 1.2-3.0 g.p.m. 
3.... 5.0-8.0 g.p.m. 
1....20.0 g.p.m. 
3....1/32 in. orifice. 
8....1/16 in. orifice. 
1....1/8 in. orifice. 

4....1% in. orifice. 

This is one question which was answered in the affirmative by 
all 52 cities in this survey. However, the ra‘es of flow spread 
over quite a range, but upon analysis it seems little different 
than the test requirements on new meters. The question might 
be asked at this time whether or not flows on repaired meters 
should be as exacting as those on new. If we analyze the flows 
on the new meters and compare them with those for repaired 





















meters, one would be inclined to say that most departments feel 
that the repaired meters should be as near equal to a new meter 
as possible. Your attention is again called to the fact that 
since considerable water is used from 4 g.p.m. to zero in the 
average home, that greater attention be paid to the smaller flows. 
Question No. 10 

How much time per meter does it require to do the work 
covered in Questions 5, 6, 7, 8, 9? (Bringing meter into shop 
and testing, taking meter apart, cleaning chambers, repairing 
gear trains, testing after repatrs.) 


Cities Time 
9.... 30 minutes to 55 minutes. 
10.... 60 minutes. ; 
13.... 70 minutes to 90 minutes. 


4....120 minutes. 

6....150 minutes to 210 minutes. 

10....No report. 

Here again we find quite a variation. It can no doubt be ex- 
plained that different operations are included and considerable 
time variation would be found in cleaning up the chambers as 
well as repairing the gear train. On the other hand, a majority 
of the cities seem to spend, roughly, 60 minutes per meter. 
Question No. 11 

What is the cost of repair parts ONLY based on a meter year 
basis? (Example: Cost of repair parts, $280. Meter removed 
every seven years would mean that 40 cents per meter per year 
is the actual cost of repair parts only.) 


Cities Cost 
....$ .008. 
10....$ .06-.15 

5....$ .20-.29 

7. ae 
4....$ .345-.37 
6....$ .427-.48 
3....$ .50-.66 
}....$1.22 


1....$ 38 parts and labor 
14....No costs reported 


Since all types and makes of meters are included in this sur- 
vey, there may be a reason for the widespread difference, but 
it is believed the most important cause for this difference is the 
action of the water on the meter, which, in turn, necessitates a 
difference in time period between the removals for test and 
repairs. Several factors enter into this problem, so when 
analyzed from every angle, the discrepancy may not be as great 
as it seems. 

Question No. 12 

At what cost of repair in relation to the cost of a new meter 

do you feel it uneconomical to repair meters? 


Cities Cost of Repair (Per cent) 
3....30 to 40. 
‘| ao 
4....55 to 66%. 
Pee ie 


7....Do not scrap. 

11....No answer. 

Here there seems to be quite a general accord on what the 
answer should be. Nearly one-half of the cities reporting indi- 
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cate exactly 50 per cent. Most of them say between 30 and 
65% per cent. No doubt the time element required to make 
repairs is balanced against the cost of the repairs and the im- 
proved registration resulting. 
Question No. 13 

When meter is repaired, do you set the register back to “zero” 
or keep a continuous record of the total registration? 
Cities Method 

28....Continuous. 

28....Set back to zero. 

K ee 


The answers to this question seem to have little bearing on 
the efficiencies of the meter, but it does indicate that careful 
records are kept by most departments as to the performance of 
the individual unit. 

Question No. 14 

What percentage of the water pumped is accounted for through 
meters? 

The answers to this question varied so greatly that only by 
referring to notes and letters atiached could comparison be 
made. Since cities are not all 100 per cent metered, no fair 
figures can be obtained. Many apparently have no master meters 
because some have gravity systems and therefore are little con- 
cerned as to the supply. However, those cities which are 100 
per cent metered and which have adopted a good meter main- 
tenance practice plan account for a large percentage of the water 
pumped. No figures will be given because a survey would have 
to be made of cities having all services 100 per cent metered. 


Conclusions 


In summarizing the entire matter, at least one statement can 
be made without fear of being contradicted. That is where a 
city was found to have all its services metered and a carefully 
planned system of testing, repairing and cost recording, that 
city also enjoyed the distinction of accounting for a high per- 
centage of the water pumped. One case is outstanding. The 
ten-year average of accounted for water through meters is 88.2 
per cent, and the analysis made of this questionnaire clearly 
indicates that this city is very exacting as to testing, repairs 
and cost account of its meters. So often the water utilities 
install a meter and then proceed to forget that it really is a 
“precision instrument.” If carefully watched and properly re- 
paired and tested, it will more than repay you for the time and 
effort spent. It will be the instrument that will tend to keep 
your finances in proper balance. Too much stress cannot be 
placed upon the value of a proper meter maintenance program in 
your city, which program should include the following: 


1. Test all meters when purchased. 

2. Remove them after a certain time period or time and 
consumption combined. 

3. Test them when brought into the shop for repair. Keep a 
record of these tests. 

4. Repair carefully, especially chamber and gear train. Keep 
a record of repair costs, including labor. 

5. Test after the repairs. Require 1 high percentage of regis- 
tration on % g.p.m. flow. 

If you will do that, you will notice a distinct increase in your 
revenues. Ask those who have followed this plan. 





WATER AT YOUR TAP AT LESS THAN 5¢ A TON/ 
aren, ahi 
Pe pe ae ® 
EEREE,.........9 


GGGGEREREEE®.... © 
SERGEEOREEEEEES > 


EACH BARREL REPRESENTS ONE 52 GALLON MEASURE 
[The above has been used by the Los Angeles Water Bureau 


to stress the cheapness of water at 11 barrels for a dime and 
no haulage to pay.—Ed.} 


WHAT LEAKS COST 





























sen AIR STEAM WATER 
N Total Cost of 
OF Number of Cu. Ft. |. Tota! Cost of | ibs Wasted | Tota! Cost of | Number of Waste 
OPENING | Yoots’Freenre | © ide perm | "igotin” | Monte toe | Oper Month ent 
u. Ft Pressure | Der MLbe, | 40 Ltis. Pressure} pon Gils, 
1” 
; 17,798,400 | $1,779.84 | 805,000 | $483.00 | 1,231,000 | $192.00 
3” 
: 9,979,200] 997.92] 460,000] 276.00| 692,400] 108.00 
1” 
c * 4,449,600| 444.96 | 203,000| 121.80] 307,700] 48.00 
” 
4 e 1,114;560] 111.46] 50,500] 30.30] 76,900] 12.00 
- ¢ 278,640| 27.86] 12,750] 7.65] 19,200] 3.00 
BE 69,552] 6.96] 3,175] 1.91] 4,800] 0.80 
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A SMALL METER SHOP 


Room Built and Equipped for the Needs of a Department 
With 3200 Metered Services at Cost of $1500 


By ROGER W. ESTY 


Water and Sewer Board, Danvers, Mass. 


HE Town of Danvers is situated in the northeastern part of 

Massachusetts, has a population of 15,000, and is a farming 
and industrial community, with considerable historical back- 
ground. 

The water system, started back in 1876 with some twenty miles 
of pipe and about 500 services, today covers 67 miles and has 
3,200 metered services. Our consumption started off with about 
120,000,000 gallons per year and increased to an annual con- 
sumption of 550,000,000 gallons during the 1920’s. Metering, 
which was begun in 1922, has caused water waste and total con- 
sumption to drop some every year until now Danvers uses only 
about 360,000,000 gallons annually. 

For years, while our consumption was decreasing and our 
metering was increasing, our revenue kept increasing until it 
became permissible to reduce our service charge 20 per cent. 
Later the meter rate was cut 25 per cent, and it will be neces- 
sary in the very near future to again reduce our rates. 

All of this is the result of planned metering. Up to two years 
ago we had no meter testing room in which to test, store, and 
maintain our meters. Most of our meters—70 per cent—have 
only been in about five years, and we felt it was becoming 
necessary to build and equip a modern, up to date testing room 
to properly maintain them. 


Our Compact New Meter Shop 


Well, what is different with our testing room than what you 
may have? It may be different in one respect, and that is, we 
are starting off with everything new. Three years ago we were 
planning for a new shop building but it just didn’t materialize, 
so the Board decided that they would build and equip an up 
to the minute meter room within our present shop building. For 
the purpose $1,500 was voted to equip it. 

Outside of our commercial meters: we only had about 1,000 
meters from 1922 to 1934. Then we started to install a few 
hundred each year until we had 3,200 meters in service by 1938. 

The pictures accompanying this article illustrate our present 
set-up which we feel meets our needs in a satisfactory and 
efficient manner. 

The room is 21 feet 3 inches long by 11 feet wide with 
Homasote wallboard walls, stained hardwood floor, three win- 
dows equipped with venetian blinds and two doors. So, first 
of all, it is light and airy. For artificial light it is lighted by 
fluorescent lights. 


We installed a three meter Ford testing machine and Ford's 
Testerate device, which regulates the testing flow in gallons per 
minute, a 10 cubic foot tank and 1 cubic foot tank: 


In the corner of the room, between the meter testing machine 
and bench, we constructed a wooden washing sink, which is 
3 feet 4 inches by 1 foot 8 inches by 36 inches high. 


Our bench is 12 feet 4 inches and 2 feet 5 inches wide and 
is 3 feet high. It is constructed out of oak and is covered with 
a steel top. It has a meter-holder on the end over the sink, 
where the meters are taken apart, and a small vise is located 
near the same end. At the other end is a portable drill press 
and a portable grinding and brushing machine. 


Under the bench top near the sink is a drawer for the every 
day tools. Then an empty space to sit before. so your legs can 
go comfortably under the bench. Under this section is our air 
line hose coming in from the garage. We find the air hose a 
highly important and useful part of meter shop equipment be- 
cause it is very essential to have air to properly clean and dry 
out the disc chamber for proper fitting. Also air is useful for 
operating a meter for any purpose, particularly the “running in” 
of discs. 


Storage Shelves 


Then we have what we call our “bakers wagon shelf-storage,” 
a series of shelves, grooved and slotted to hold gear trains, 
registers, covers, discs, and chambers. This is the finest method 
of storage that I have been able to find or devise. With this 
scheme many supplies can be stored in a very small space. 

The next section is made up of three drawers for miscella- 
neous storage, equipment, and tools. 


Secord File Handy in Shop 


At the end of the bench is sufficient space for a steel desk 
which contains a card file of all of the meters. These record 
cards show a complete meter history as to where and when 
installed, when the meter has been taken out to be tested; also 
the results of the tests, with a list of all material used in making 
changes or repairs. This desk also serves as a place to do the 
necesary book work by the meter-man and a place to keep his 
test books, etc. 

Along the other side of the room are three sets of steel shelving 
which is ample storage for all active meters. That is, those 








Views of the Danvers Meter Shop 


Convenient method of storing meter parts. 
He call it our “baker's wagon,” after which for 
it was patterned 


dismantling ; 


The wash-sink in a corner; meter holder 
cleaning 
handy roll of paper towels. 


a touch, 


Work bench with record file and desk m 

corner. Portable drill press, grinding and 

brushing machine—and plenty of tools and 
light. 


gadgets and 
The wy adds 


























:; Our Three-Unit Ford Testing Machine __ 
Equipped with flow indicating “Testerate” unit, above, discharging into calibrated 10 
cu. ft. and 1 cu. ft. measuring tanks. This set up is a “honey.” 
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Inspector 
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brought back from summer service for win- 
ter storage, and from houses where service 
has been discontinued for an indefinite pe- 
riod. There are seven shelves, each sup- 
plying space to store 250 meters. 


We read all of our meters by districts, as 
we have the town divided up into A, B and» 
C sections, and so we have assigned Section 
1 for meters in District A, and Sections 2 
and 3 for Districts B and C. 


All inactive meters are stored away in 
another room, which leaves this room en 
tirely for active material, which plan makes 
for better “housekeeping.” 

At the end of the storage racks we have 
a cabinet of ten drawers, all divided up 
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Meter Test Record Form 


wo More 


Looking “aft” down the bench. A close look will reveal the 


highly useful air hose at the central working space. 


Views . 
Another look at the “wet-end” of the room. Wash-sink, with 
storage beneath, and the Ford testing machine. 





Meter 






















































































126 


into small compartments, which holds the small parts of the regis- 
ters, gear trains, discs, etc. Over our bench we have three sets of 
very small drawers, which hold several sizes of change gears and 
some parts of the discs and gear trains. 

This description, I feel, will give a pretty good idea of what 
_ we feel a well fitted meter testing room should have, to test 
and maintain 3,000 meters. The only difference that I can see 
between what we have and a city having, say, 7,500 meters would 
be: first, a testing machine of greater capacity; second, a little 
larger bench; and third, additional storage facilities. 


Design to Save Steps and Loss Motion 


Make your room cozy, don’t make it too barny. Arrange the 
testing machine, washing basin, and repair bench close together. 
It saves time and steps, steps—and this is very important. I 
have seen meter rooms in which the meter man spends far too 
much of his time walking back and forth and back and forth 
from one operation to another. 

Our meter room is the result of my observations in a great 
many other water plants and from the many helpful suggestions 
we have received from superintendents and meter-men who ac- 
tually do the testing. I am indeed very grateful to them, and I 
extend an invitation to all water works men to visit or meter 
room, for it may offer some thought or suggestions toward even 
a better set-up than we have here at Danvers. 

In my travels, interviews and correspondence there seems to 
be no fixed standard procedure in testing, and, furthermore, no 
one in authority (like a sealer of weights and measures) ever 






checks up to see whether or not the meter has been properly 
and thoroughly tested to the mutual interests of the customer 
and the utility. 

Samuel F. Newkirk of Elizabeth, N. J., is chairman of the 
Joint Meter Specification Committee for the A.W.W.A. and 
N.E.W.W.A., and his committee has essentially completed a new 
set of specifications that are more rigid in certain directions 
and more flexible in others, than those of the past. ‘ 

In the August issue of WATER WorKs AND SEWERAGE there js 
an article on “Water Meter Maintenance Practice” that was 
recently read at the A.W.W.A. Toronto convention, which js 
very timely. It is the result of a survey by A. P. Kuranz, 
Superintendent of the Waukesha, Wis., Water Department, 
made to secure a cross-section picture of meter maintenance 
policies and practices in this country. 


Why Not "Standards of Testing Procedure"? 


The thought has occurred to this writer—why not have the 
present committee also develop “Standards of Meter Testing 
Practice,” to serve as a pattern in equipping meter-test shops of 
various sizes, and a guide in the proper and most dependable 
procedures and operations in actual routine testing practice? To 
the writer, at the time of designing and equipping the Danvers 
meter-room, and to many others contemplating new meter shops 
or revamping existing ones, such a guide would prove of high 
value and usefulness. It will also go far toward bringing stand- 
ardization and better practices into the important field of meter- 
ing, where there appears to be room for much improvement and 
a real need for standardization. 





ELECTRIC HEAT SOLVES PROBLEM AT PUMPING STATION 


PyLECTRIC heat proved the answer to 

a heating problem recently presented 
at the plant of the South Bay Consoli- 
dated Water Co. at Bayport, Long Island. 
This pumping station contains two rooms 
on the ground floor and a basement. One 
of the two ground floor rooms serves as 
an office, and the other is the chemical 
feeder room, separated from the first by 
a brick partition. 

Since the stored in this 
nature to attack 
almost any metal except cast iron, it was 
decided that the best method of heating 
the room would be by using cast-iron ra- 
diators. It was decided to build an 
immersion heater “electric furnace” in the 
basement to supply hot water to the ra‘lia- 
tors in both 

Three G-E electric water immersion 
heaters are used to heat the water in this 
ingenious furnace. The hot water riser 
leads from the top of three heater-enclos- 
ing pipes to the radiators on the main floor. 
The returns lead back to the bottom of 
the furnace, providing a neat, compact cir- 
culating system. An expansion tank is 
connected to each of the radiators in the 
first floor rooms. The radiator capacity 
is so arranged that the expansion tank can 
take care of the water expansion under 
any operating condition. 

A magnetic contractor handles the heater 
load, and is controlled by a thermostat 
located in the operating room above. 

A very clear view of this “furnace,” with 
its electric and water connections, is shown 
at the right. 


chemicals 


second room are of a 


first floor rooms. 




















“METER CRADLE" 


Handy Gadget in Repair Work 


By DON CALDERWOOD, Engineer 
Pennichuck Water Works 
NASHUA, N. H. 


HE accompanying sketch and snapshots show a meter shop 
“gadget” that we designed and had fabricated in a local 
blacksmith shop. 
This device not only speeds up the meter repair work but it 
also eliminates jammed fingers and skinned knuckles. The “U” 
part of the yoke should be covered with a piece of soft sheet 
lead to protect the threads of the meter 
spuds. We also found it advisable to 
bend another piece of lead around the 
two bottom bars from yoke to yoke. 


The dimensions (given on the sketch) 
were worked out to fit almost any make 
and size of meter up to and including 
the one inch size. It any water works is 
fortunate enough to have only one make 
of meter, or largely one make, in service 
it is quite possible that slight modifica- 
tions can be made to better suit the needs 
of that particular shop. With the sketch 
to follow no further description seems 
necessary, but the writer will answer any 
questions. 


After the refairs are completed the 
gadget can be slid out from the under 
bench clamps and hung somewhere out 
of the way. 

In connection with this gadget we de- 
veloped a handy socket wrench. It is 





tires and wheels from an automobile. We first selected four 
sockets that fitted the various sized nuts of the meter casing bolts, 
then had these sockets welded to a + made from 1%” steel rod. 

Just another case where an investment of a few cents Saves 
money, time, dispositions. And, in instances nicks in the shop 
man’s anatomy. 





similar to the type of wrenches used in “Meter Cradle” in Position —And in Use 
garages and filling stations to remove (Note protective lead coverings) (Featuring the handy socket wrench) 
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Shop Sketch of Nashua “Meter Cradle” 
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HILE most discussions of meter main- 

tenance have laid stress principally on 
domestic meters, the maintenance of larger 
commercial and industrial meters is of con- 
siderable importance. Although large meters 
may account for only a minor portion of the 
total revenue, underregistration of these 
meters to any great extent may constitute a 
major factor in the accounting for input into 
the distribution system and water used. 


Large industrial consumers may be fur- 
nishing only two per cent of your total rev- 
enue, yet using ten per cent of your total 
consumption through a meter that is forty 
per cent slow in registration. Besides the 
monetary loss in such a case, the daily quan- 
tity not registered may amount to several 
per cent of your total input or several hun- 
dred thousand gallons per day. We have seen 
such an existing condition blandly ignored, or 
at least passively tolerated, by those who 
would break a hamstring to get a gang out 
to stop a small service leak at night rather 
than let it run harmlessly until morning. The 
average water works superintendent will ex- 
pend any amount of effort and money neces- 
sary to stop a leak in his distribution sys- 
tem; yet, many of them display a surprising 
degree of apathy towards checking the regis- 
tration of large meters where a correction 
may pay even greater dividends than in stop- 
ping a main leak. We, at Roanoke, have fol- 
lowed a carefully supervised meter mainte- 
nance program for almost ten years, and our 
records show that we are receiving dividends 
in the form of increased revenues as a result 
of such a program amounting to several 
times our annual cost of such maintenance. 


Some capital expenditures are of course 
necessary at the beginning of such a mainte- 
nance program for the installation of test 
tees and by-passes if these were not included 
in the original installation. It will also be 
necessary to provide a test meter, which can 
be purchased complete or assembled at your 
shop. Ours, shown in an accompanying photo- 
graph, consists of a three-inch current type 
meter and a %-inch disc type meter with spe- 
cial test dials, proper valves, connections and 
accessories which will be explained later. 


The case of the current type meter is of 
silicon-aluminum, to eliminate as much 
weight as possible, and was especially made 
for us by one of the leading meter manu- 
facturers. 


MAINTENANCE OF LARGE METERS IN THE FIELD 















































By D. R. TAYLOR, Plant Superintendent 


Roanoke, -Virginia 








Field-Test Meter and Accessories 
A 3-m. current type and ¥%-in. disc type meter, the case of the former being of sili- 
con-aluminum to reduce’ weight. Note the pitot-rod and manometers for flow rate 
control. 








The Pitot Rate Indicator Attached to the Test Meter Unit 





On left is seen the pitot rod and dual manometer for high and low pressure testing. 
On right is better shown the method of connecting the carbon-tetrachloride and mer- 
cury *manometers, alse the etched brass plate indicating in gals./min direct. 











CHART 1 
TEST RATES—G. P. M. 
(Standard for Roanoke Meter Tests) 
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Experience in Method and Frequency of Test 


The frequency of testing large meters depends upon the corro- 
siveness of the water measured and the monthly consumption 
through them. With one hundred and ninety large meters from 
ene and one-half inches to eight inches in size, our experience 
shows that the economic frequency of test in our plant is once 
per year for all types except discs, and every three years for 
those. We also learned early that the old method of testing with 
various size orifices, without regard to actual rates of flow, was 
entirely inadequate and was apt to lead to false interpretations 
of the records. For instance, three different six-inch Protectus 
meters may be tested at three different 
locations with a one and one-fourth inch 
orifice. Differences in elevations may result 
in full flow pressures we will say of 
twelve, twenty-four, and thirty-six pounds 
per square inch respectively at the three 
locations. This means that one meter has 
been tested at a rate of 110 g.p.m. (below 
the change over point), one at 160 g.p.m. 
(exactly at the change over point), and 
one at 200 g.p.m. (above the change over 
point). It is obvious that, while these three 
meters were not only of the same size 
but also of the same manufacture and 
tested with the same size orifice, the three 
tests are not comparable. Hence the neces- 
sity for standard testing specifications and 
methods. 

Standerd Test Rates Established 

We devised standard test rates for all 
meters, as shown in Chart 1. 

We next installed a 750-gallon steel tank 
on our pumping station grounds and cali- 
brated it with a ten-gallon tested measur- 
ing can. This tank is buried in the side of 
a hill in such a position that the small 
truck carrying our test meter can be driven 
close and over it, so that the test meter 
can be easily and quickly tested 


Pressure 
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vol- 
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umetrically. Aiter calibrating the test meter, we calibrated each 
of the orifices with the test meter. These results were first plotted 
cn logarithmic graph paper as shown by Chart 2. 


l'rom Chart 2, we made up for use in the field Chart 3, which 
reveals the delivery of the several orifices at various pressures. 


A Pitot Rate Indicator 


We installed a pitot red through a corporation stop in the three- 
inch inlet pipe of the test meter and ten-diameters ahead of it. 
(The make and coefficient of this pitot rod being unknown, it had 
been discarded; however, this knowledge is not necessary for ‘ts 
present use.) Two manometers were mounted on a board om the 
test meter base in such a position that the operator can observe 
them while he operates the discharge valve—see cut. These 
manometers can be inexpensively made with boiler gauge glass 
sets. 

The two manometers are connected with rubber tubing and 
proper valves, so that either can be operated independently by 
the one pitot rod. One manometer contains carbon-tetrachloride, 
with a specific gravity of 1.60 for low rates of flow, and the other 
contains mercury with a specific gravity of 13.58 for the higher 
rates of flow. The pitot rod and each of the manometers were 
then calibrated with the test meter, and the results plotted as 
shown on Chart 4. 

From this chart, brass scales were made for each of the 
manometers by marking on narrow brass strips the rates in gal- 
lons per minute indicated by various deflections of the manometers. 
The operator therefore opens the discharge valve (a plug type 
has been found mere satisfactory) until the deflection in the 
manometer indicates any desired rate as shown on the scale. 

Rates from .25 g. p. m. to 6 g. p. m. through the five-eighths 
inch side of the test meter are too low for measurement by either 
manometer, yet are low enough to be easily obtained and con- 
trolled by a needle valve, orifices and a pressure gauge in ac- 
cordance with Chart 3. Rates from 10 g. p. m. to 120 g. p. m. 
may be controlled by the carbon-tetrachloride manometer, and 
rates from 80 g. p. m. to 400 g. p. m. may be controlled by the 
mercury manometer. This outfit has performed very efficiently 
and economically for the last two years. 
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Chart 2—Discharge Graph for Orifices Calibrated With Test Meter. (See also Chart 3.) 








































































CHART 3 





FIELD CHART 
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To those who are interested in construct- 
an outfit and find it necessary to 
all parts new, we would suggest 
also investigate the Henszey Flow 
Indicator. This instrument may be cheaper 
than a new Pitot rod and manometers and 
will probably give results equally as satis- 


ing such 
purchase 
that they 


factory. 

The purpose of this discourse has been to 
show the fallacies in the use of the old 
methods and the advantages of other meth- 
ods of testing large meters on standard rates 
according to size, so that the results are 
comparable and can be properly and advan- 
tageously interpreted and analyzed. 
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Chart 4—Calibration Graph Made on Manometers 


(From which the brass scales were prepared.) 





PAINTING DAMP WATER PIPES 


In reply to a question regarding the painting of plant piping 
which is wet from condensed moisture and cannot be taken out 
of service long enough to dry, The New Jersey Zinc Company 
prints the following in its periodical, “Paint Progress.” The 
engineer, by the way, stated that wiping the pipes with dry rags 
before painting had not been satisfactory. 

Says New Jersey Zinc: 

“We have seen good results obtained by using a turpentine wash 
to replace the moisture on the pipes and have, as a result, adopted 
the following method in our own plants: 

“The surface is prepared for painting by removing the loose 
paint and scale by wire brushing and scraping. The dirt and 
excess moisture are then wiped off the surface and a liberal 
coating of turpentine is applied. 

“The turpentine has a two-fold effect: first to replace the 
water remaining on the surface by virtue of its preferential 
wetting property, and second, to ‘lift’ any loose rust scale remain- 
ing on the surface after the mechanical cleaning. A primer coat 
of standard Zinc Dust-Zinc Oxide paint is then applied directly 
on the turpentine wet surface, thus providing the necessary rust 
inhibitive coating. In actual practice, a considerable interval may 
be allowed between the application of the turpentine and the 





primer, since the turpentine prevents further condensation of 
water on the steel. 

“Brush application of the primer is preferred to spray appli- 
cation, since it insures the intimate contact of the Zinc Dust 
with the surface. An 80:20 Zinc Dust-Zinc Oxide formula with 
a linseed oil vehicle has been used, but a synthetic vehicle, such 
as phenolic, may be preferable, first, because of the more rapid 
drying of the synthetic resin formulation, and second, because 
of the improved water resistance of the film. 

“The usual drying interval is allowed, after which the finish 
coat paint is applied. Just before the application of the second 
coat, the moist surface is again wiped with turpentine, but care 
must be taken to avoid an excess of the turpentine, since it might 
soften the surface of the primer. 

“Either an 80:20 Zinc Dust-Zinc Oxide paint or other suitable 
metal paint may be used as the finish coat. Colored Zinc Dust 
paints are available for finishing coats where a distinctive color 
scheme is desired. 

“It has been found that kerosene may be substituted for tur- 
pentine to replace moisture on the pipes, but its action is much 
slower and its assimilation into the paint less positive.” 











131 


STREAMLINE PIPE AND FITTINGS DIVISION 
MUELLER BRASS CO. 


Port Huron, Michigan 
STREAMLINE Copper Pipe and STREAMLINE Solder Fittings for Water Service Work 


In 1924 the Mueller Brass Co. originated and were the 
first to introduce a product then known as Mueller 
Copper Service Pipe and Flared Fittings. This was 
a distinct innovation and was conceded to be the most 
revolutionary contribution of the time for water service 


purposes. 
Waterworks’ engineers and superintendents prefer as 
soft copper pipe as possible for water service work. 
STREAMLINE Type K Pipe is consistently and uni- 
formly soft. It is made from Virgin Copper Ingot con- 
sisting of at least 99.94% copper and throughout every 
phase of its manufacture is under rigid and constant 
laboratory control. From the time we started to manu- 
facture this product in 1924, and throughout the years 
since, we have produced the best and softest pipe that 
can be made for water service work. 


RUST PROOF 


STREAMLINE Copper Pipe is rust-proof and is supe- 
rior to any other metal for service pipe work. Under 
normal conditions of soil and water, it will last for 
generations, and will deliver its full capacity of water 
free from foreign particles as clear and pure as it is 
in the water main. 


FLEXIBLE 


STREAMLINE Copper Service Pipe is exception- 
ally and uniformly flexible. It can be very quickly and 
easily bent around comparatively sharp radii without 
annealing or loading. It may easily be bent around 
obstructions encountered in the trench with a great deal 
less cost than would be entailed in removing the 
obstruction. 


REASONABLE COST 


Copper Pipe connected with STREAMLINE Fittings 
is very reasonable in cost, although 
naturally a little more expensive than 
rustable pipe. It really costs a great 
deal less over a period of time, be- 
cause replacements are eliminated 
owing to the rust and clog-proof 
properties of STREAMLINE Type 





COUPLING 
Copper to Copper 


K Copper Pipe. 


VIBRATION PROOF 


STREAMLINE Copper Pipe connected with 
STREAMLINE Solder Fittings is free from the harm- 
ful effects of vibration. Vibration is not localized at 
the joints as it is with threaded or flared fittings, but 
is harmlessly dissipated throughout the service line. 


PERMANENT 
STREAMLINE Copper Service Pipe is permanent. 


Once installed it may practically be 
forgotten; it will give no future 
trouble. For years it will continue 
to give the same _ uninterrupted 
service and undiminished flow of 
water. 





COUPLING 
Copper to Iron 


SETTLEMENT AND FROST ACTION 


STREAMLINE Copper Service Pipe is so ductile 
that it will stretch enough to easily take care of any 
settlement of filled earth, or, in fact, anything that 
might impose a strain on the service line which would 
cause failure of rigid ferrous pipe or, at the very least, 
cause leakage at the threaded con- 
nections. 


In the Northern States and in the 
Dominion of Canada, copper serv- 
ice pipe of our manufacture has 
an outstanding advantage that places 
it far in advance of any other service 
TEE material. This advantage is its re- 
sistance to frost action. This serv- 
ice pipe containing water under almost any range of 
pressure used in water service work can be alternately 
frozen and thawed out for a considerable number of 
times without showing any effect except a slight 
increase in diameter. 





STREAMLINE SOLDER FITTINGS 


The STREAMLINE Solder Fitting is connected to 
the pipe by feeding solder through a feed hole in the 
fitting. Capillarity causes the solder to thoroughly 
bond the pipe to the fitting and produces an enor- 
mously strong joint. This 
joint is so strong that if, 
for instance, two 34” sec- 
tions of pipe are con- 
nected with a 34” coup- 
ling and pulled in the Ol- 
sen Testing Machine, it 
requires approximately 
9000 pounds per square 
inch before a failure occurs, and this failure is always 
in the pipe itself, and not in the joint. This is, of course, 
far beyond anything it would be required to stand under 
actual service. 





COUPLING 
Copper to Inside Thread 


A copy of our catalog, fully illustrating and describ- 
ing these products, together with simple instructions for 
connecting, will be sent upon request. 


STREAMLINE Fittings are manufactured under 
Patents 1,770,852, 1,776,502, 1,890,998. 
















































































CALGON, INC. 






Associated with Hagan Corporation, 


calgon 


Hall Laboratories, Inc., and The Buromin Company 


calgon 


Hagan Building, Pittsburgh, Pa. 


Specialists in the Application of Glassy Sodium Phosphates to Industry 





CALGON TREATMENT 


Solves Four Major Water Works Problems 


1. Controls Corrosion 

Calgon maintains a thin, protective film over metals and 
metal oxides at pH values of 5.0 and higher, reducing the 
attack of oxygen to such an extent that corrosion ceases 
to be a serious problem and “red water” from corrosion 
is eliminated. 


2. Prevents “Red Water” 

Calgon added to well water as it is pumped prevents the 
precipitation of dissolved iron and so prevents “red 
water” from this source, whether oxidation is due to ex- 
posure to air, aeration during iron removal, or chlori- 
nation. 


3. Stabilizes Water Following Lime Softening 
Calgon added after the softening process effectively con- 
trols excess calcium carbonate in solution, which other- 
wise forms scale in water lines and hot-water heaters. 
Calgon stabilizes water throughout the system—at any 
pH value—and eliminates precipitation of calcium car- 
bonate scale in hot-water heaters. 


4. Prevents Scale Formation from Hard Water 
Where water is high in bicarbonate alkalinity, the use of 
Calgon at the plant affords a simple, economical means 
of stabilizing water and eliminating precipitation of cal- 
cium carbonate scale in consumers’ heater coils, tanks 
and hot-water lines. 


Calgon Characteristics 

Calgon is a complex sodium phosphate glass produced 
by a thermal process from food-grade phosphoric acid 
and soda-ash. Readily water soluble, unadjusted Calgon 
glass has a pH of‘approximately 6.0 in 1 percent solution. 
Impurities and moisture total less than 0.2 percent. 
Calgon is as harmless as table salt; even in amounts 
many times greater than those employed in municipal 
water treatment it produces no adverse physiological 
effect. 

Calgon Treatment 

The amount of Calgon used in treatment is extremely 
small... from Ito 5 parts per million of water. Since 
little or no equipment is required, the total cost is well 
within the budget of most water departments. Calgon 
Treatment is a sound, accepted process which corrects 
water troubles without introducing new ones. It is now 
being used successfully in more than 300 municipal water 
systems, ranging .in capacity from 10,000 to 120,000,000 
gallons per day. 

Whether your problem is stabilization of softened water, 
corrosion control, “red water’ from dissolved iron, or 
hard, high-bicarbonate water, Calgon can help you. Tech- 
nical information on specific water problems and a free 
sample of Calgon* for laboratory test purposes will be 
furnished on request. 


‘Calgon is the registered trade-mark of Calgon, Inc., for its glassy 
sodium phosphate products. 


Authorized Calgon Representatives 


Birmingham—Eshelman and Potter, 1116 Martin Bldg. 
Boston—Ralph L. Williams, 49 Federal Street. 
Buffalo—Charles A. Randorf, 321 Jackson Bldg. 
Charleston, W. Va.—C. H. Turner, 811 Red Oak St 
Charlotte—Eshelman and Potter, 314 Wilder Bldg. 
Chicago—Burke & Colston, 1316 Austin Bldg. 
Cincinnati—L. I. Snodgrass Co., 18 East 4th Street. 
Cleveland—Chas. H. Tate Co., 404 Newman Stern Bldg. 
Denver—Denver Fire Clay Co., 2301 Blake Street. 
Detroit—Calgon, Inc., 2512 Book Building. 

El Paso—Denver Fire Clay Co., 209 Mills Bldg. 
Franklin, Pa.—Alfred Watson, 315 Fourteenth Street. 
Houston—Maintenance Engrg. Corp., 3611 Clinton Drive. 
Kansas City, Mo.—H. O. Halden, 900 Porter Bldg. 

Los Angeles—Griffin Chemical Co., 1925 East Olympic Blvd. 
New York—Simler & Sengstaken, 271 Madison Avenue. 





Philadelphia—Ash Engineering Co., 225 South 15th Street. 
Pittsburgh—Calgon, Inc., Hagan Bldg. 
St. Louis—Calgon, Inc., 1208 Continental Bldg. 
St. Paul—Fuel Economy Engrg. Co., 510 New York Bldg. 
Salt Lake City—Denver Fire Clay Co., 225 W. So. Temple St. 
San Francisco—Griffin Chemical Co., 1000 Sixteenth Street. 
Seattle—Northwest Filter Co., 122 Elliott Avenue West. 
Toledo—Power Equipment Co., Oak Harbor, Ohio. 
Canada 
Montreal— 
Dominion Flow Meter Co., Ltd., 515 New Birks Bldg. 
Toronto— 
Dominion Flow Meter Co., Ltd., 54 Wellington St., W. 
Mexico 
Mexico, D. F.— 
Mackie T. Wright, Apartado 918, Artes No. 65. 





THE MECHANISM OF CORROSION OF WATER PIPES 






And Suggested Formulae for Corrosion Index 
By THOMAS M. RIDDICK, 


Consulting Engineer and Chemist, New York City 


7 E HAVE used lime and talked pH adjustment for corrosion 
control, but the question raised in the author’s mind is this: 
Haven’t we come to disregard many of the other significant tac- 
turs in corrosion? The answer, based on what is to fellow, 1s 
seemingly that we have. ; 

Atmospheric rusting of steel has been squarely faced by the 
automotive industry, and their processes of Parkerizing, Bonder- 
izing, etc., are NCW remarkably successful. It is high time that 
we of the water works field attempt to more closely correlate 
theory with practice, standard chemical ana.yses w.th specific pipe 
deterioration, and get away from well worn descriptive alibis such 
as “soft New England waters.” 

The suppression cr retardation (“prevention” is surely a mis- 
nomer) of corrosion is more necessary today than ever before. 
All indications are that economic ‘conditions will be more stringent 
jor both municipalities and public utilities than heretofore, regard- 
less of the outcome of the war. Both individually and collectively 
we must tighten our belts another notch and do as best we may 
with existing supplies and equipment. Household plumbing and 
the carrying capacity of distribution mains should be judiciously 
conserved. yay) 

A highly corrosive well or surface water that dezincifies yellow 
brass, removes the galvanizing from steel, and forms the familiar 
patina on copper tubing should not be delivered into the piping 
system without treatment simply because no inconvenience has 
been occasioned to date to the Water Department. If cut sections 
of household plumbing show relatively rank corrosion, undesir- 
able things are also taking place within the distribution system, 
although it may not be evident in terms of red water or reduced 
carrying capacity if pipe lines have been in service less than 
twenty years. The water works official is the only person in a 
position to investigate and, if possible, reduce corrosion. Like- 
wise, should it not be that the household plumbing investment 
of the property owner be given the same consideration as that 
of the Water Utility. 


Two Prevalent Misconceptions 


There are two prevalent misconceptions which seem inbred and 
self-perpetuating in Boards of Water Commissioners. The first 
is that current water rentals pay for the “Cost of Water.” For 
certain municipalities this may be true, but more often the finan- 
cial gross intake meets only current operating expenses with little 
allowance for proper maintenance and depreciation and no con- 
sideration is given to bonds retired out of the general tax or by 
assessment. The writer is familiar with two such water districts 
having relatively large distribution systems. The rate of $2 per 
1,000 cu. ft. is about one-third the true charge if direct taxation 
is considered, but the true cost of $6 per 1,000 cu. ft. could not 
possibly be assessed directly without arousing the consumer’s ire. 

These facts should definitely be faced in figuring the increased 


cost which results from treatment for corrosion correction. For 
example, a certain corrosive well water with a CO, content of 
12 ppm should be treated. The rate is $2 per M. and the re- 
quired chemical dosage of lime, soda ash or sodium hydroxide is 
about 10, 29 and 11 ppm, respectively. If treatment was instituted, 
the additional cost per 1,000 cu. ft. would be 0.33, 2.7 or 2.4 cents, 
respectively. However, even the maximum increase (using soda 
ash) would be less than 1.5 per cent based on the prevailing $2 
rate, or one-half of 1 per cent based on the “actual cost” of water 
te the consumer. 


If the property owner was given his choice, i.e., “you may have 
a natural well water which is rather corrosive to your household 
plumbing at $2 per M., or a water which is as non-corrosive as 
is practicable to produce—providing maximum life to your house- 
held plumbing—and minimum red water for $23 per M.,” there 
is hardly a question of doubt as to his selection. 


Though these are the facts, either they have been poorly pre- 
sented to Water Boards or else human inertia is a costly proposi- 
tion. 


There is one other ghoul permanently stationed behind those 
Water Board Chairmen who offers the following argument when- 
ever treatment is discussed—‘‘We have pure natural water, and 
don’t want any chemicals added.” Thereafter the matter is closed. 
It seems impossible to get across the facts of the case, which are 
these: There never has been and never wiil be any “pure” nat- 
ural water. All ground water coutains “chemicals,” principally 
limestone, gypsum, sodium chloride, sodium bicarbonate, and silica, 
and the gasses—carbon dioxide, oxygen and nitrogen. If a water- 
shed (and all natural water comes from some watershed, regard- 
less of its proximity to the well or intake) contains a large 
amount of gypsum and has marshy areas to contribute carbon 
dioxide, then a corrosive water is inevitable. If the watershed is 
composed mestly of limestone (with little gypsum) and few 
marshy areas, then the mineral content may be high and the 
water relatively non-corrosive. There are fewer waters in the 
latter class, and for some of these nature has been over-generous 
and difficulty may be encountered due to clogged hot water pipes. 


The application of chemicals is simply an attempt to produce a 
“balanced water’ applicable to domestic and industrial use, and 
suitable for conveying in metal pipe. The chemicals added are 
as “natural” as if nature had created them originally on the 
watershed. 


Two Stages of Pipe Life 


The useful life of pipe should be divided into two distinct 
phases. The primary stage is that period during which pipe 
coatings remain intact or are gradually removed; and the sec- 
ondary stage involves the direct attack of water on the pipe metal. 
































Section cut from 4” galvanized wrought 

iron distribution pipe—service 7 years; note 

uniform coating of red iron oxide streaked 
with sinc oxide. 


(Left)—Section of 2” riser pipe at entrance to elevated wooden storage tank. Cause 
of corrosion—low pH, low alkalinity, high sulphate content and high carbon dioxide. 
( Right)—Corrosion due to use of dissimilar metals—brass vs. wrought iron, 


Pipe diameter reduced to \% inch. 
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(Left)—Completely clogged section of cold water pipe—accumuiation due to organic matter and iron in unfiltered surface supply 
plus iron derived from corrosion of distribution mains. 


( Right ) 
tory 


If cast iron and steel pipe coatings are impervious and insoluble, 
and/or the water is relatively non-corrosive, the first stage may 
exist indefinitely. These are optimum conditions and resu.t in 
the absence of “red water’ and tuberculation, and pipe carrying 
capacity is sustained. 

However, if coatings are pervious to water cr soluble, and 
allow corrosive water to come in contact with the cast iron or 
steel, then the formation of creeping tubercles will tend to physi- 
cally remove the remaining coating, thus exposing more pipe sur- 
face to the action of the water. Blisters (small masses of iron 
oxide overlying pits) form first and grow into tubercles unless 
the action of the water is inhibitive to the combination of oxygen 
with iron or steel. 

Red water occurs in the second stage, but of far greater im- 
portance is the loss in carrying capacity of pipe lines. If water 
is pumped through transmission mains at relatively high velocity, 
the increase in power cost can be measured in terms of dollars. 
If the supply is wholly by gravity, the loss is manifest through 
reduced pressures on the distribution system and eventually 
creates a serious hazard from the standpoint of fire protection. 


Normal corrosion of cast iron has never been feared from the 
standpoint of structural deterioration of such pipe to the extent 
of failure. If this was the case, superintendents and water boards 
would be mroe alert. Many municipalities, however, stand idly by 
and allow pipe to tuberculate to such an extent that 12-inch mains 
are reduced to the equivalent of 10 inches or less, without facing 
the facts. 

This second stage of corrosion is one with which most water 
departments have to compete, though the use of cement or bitu- 
minous enamel linings today give more promise for the future. 
With pipe coatings removed and pipe surfaces roughened with 
blisters, all that can be done is to attempt to lessen the corrosivity 
of the water and its tendency to produce iron rust, which causes 
consumers’ complaints, and to prevent small blisters from grow- 
ing into large tubercles. 

The second stage is more rapid than the 
first, and the accelerated rate is particu- 
larly emphasized after pipe cleaning has 
been necessitated. There is more than ad- 
vertising copy in the paint manufacturer’s 
slogan, “Save the surface and you save 
all.” By this token, the time to protect 
the original surface is when a new dis- 
tribution system is installed rather than 10 
to 50 years later after the damage has 
been done. 





Completely dezincified brass service line. Pipe is very brittle and failed through longitudinal split. Cinder fill was contriby- 


cause. 


fifteen vears, and there are even instances of severe pitting of 
copper tubing (particularly class M and L) then necessitated 
replacement in an even shorter period. 


Types of Corrosion Encountered 


Let us consider some of the types of corrosion normally en- 
countered in water pipe. For want of a more descriptive term, 
the small nodules of red iron oxide which form on cast iron pipe 
will be called “blisters” and sizes above buck-shot will be classi- 
fiea as “tubercles.” “Pits” will be considered as those areas (re- 
gardless of depth) underlying tubercles, or those exposed inden- 
tations created by removal of metal. 


If a blister or tubercle is pried loose from a cast iron pipe- 
wall, we find that the tar or pitch coating is absent or cannot be 
identified readily. The volume of the tubercle is from three to 
ten times that of the original iron—or the volume of the “pit.” 
The swelling action, due to formation of the oxide (hydrous 
oxide) has therefore been responsible not only for the formation 
of a protrusion which lessens pipe diameter and increases 
frictional resistance but it has pried away (in its formation) a 
sizable amount of pipe coating adjacent to the original point of 
attack, which was initially only microscopic in size. 


Composition and Growth of Blisters 


The composition of the blister is primarily red iron oxide 
(Fe:0;). On the underside, however, and on the surface of the 
shallow “pit” we may find a predominance of black crystalline 
magnetic iron oxide (Fe;O,). This can be identified microscopi- 
cally or by lightly scraping the underside of a freshly removed 
tubercle and subjecting the crystals to the action of a bar magnet. 
It must be that the magnetic oxide of iron is the first product 
formed, since it lies next to the metal surface, and that the 
Fe.Os is the final stage of oxidation. It is possible that the very 














Corrosion of galvanized steel and gal- 
vanized wrought iron are likewise char- 
acterized by two stages of deterioration, 
and the loss of carrying capacity, the 


Copper tubing after 5 years’ service. Failed through pitting. Note heavy formation 


of copper carbonate. Cause, possibly electrolysis. 





stripping of threads and the occurrence of 
pin holes are evident remarkably soon after 
the zinc has been removed. 

Copper tubing and yellow or red brass 
pipe have no protective coating other than 
the insoluble oxides and carbonates formed 
by reaction with water. In the case of 
these pipes there is only one stage of cor- 
rosion. It starts with installation and con- 
tinues until replacement, or until a tru'y 
protective coating has been formed. Yel- 











low brass, the most extensively (though 
unwisely) used of all copper bearing pipe, 


often requires renewal within five to oxide. 





Acid type corrosion of 34” coupling bolt for Universal Pipe. Note absence of any iron 


Failure probably due to small amount of cinders in fill. 

















first stage was the lower oxide, FeO. The 
three stages of hy pag in their simplest 
sions wou e : : 
_- *- O,=2FeO (ferrous oxide) 
6FeO +0:=2 Fe,O, (magnetic iron 
oxide ) ; : 
4 FeO, + O. = 6 Fe.Os (ferric oxide) 

If blisters were “watertight,” they would 
cease to grow from within. Enlargement 
of small blisters into large tubercles is prob- 
ably accomplished in three ways: 

1. Growth from without, by deposit of 
iron oxide derived from the water per se, 
or from corrosion of the distribution sys- 
tem by the water en route. ete 

2. Growth of the tubercle from within 
by the passage of water (carrying oxygen) 
through the amorphous red iron oxide to 

1e pipe metal. ; 
rar ig hor of the tubercle from within by 
the passage of water (carrying oxygen) 
through the peripheral seal of the tubercle, 
to the pipe metal. , 

In the first stage of growth, it is prob- 
able that oxygen gains admission through 
the relatively thin coating of amorphous red 
oxide. As growth advances, more oxygen 
is admitted around the ever enlarging peri- 
phery of the nodule, and less through the 
hody of the growth. The nodule is gen- 
erally held to the pipe metal by the crystal- 
line interlocking of the magnetic iron. When 
tubercles are removed by “prying loose,” 
they generally remain intact, which indicates 
that the plane of structural weakness lies in 
the under zone of magnetic iron next to 
the metal. It is logical to presume that a 
thin crystalline plane offers less resistance 
to the passage of water than the dense mass 
of red iron oxide forming the body of the 
nodule. ; 

What is the property of red iron oxide 
which holds it together in a ceramic like 
mass? The hydrous or anhydrous forms 
of the pure compound will not agglomerate 
and harden at normal temperatures. When 
tubercles are ground in a mortar and an- 
alyzed, the silica content (or what we 
differentiate as silica) is several per cent. 
Silicates are the most widely used cement- 
ing agents in both nature and industry, and 
it is logical to assume that this is one of 
the factors which is responsible (perhaps 
fortunately so) for tubercle formation. If 
water has a pronounced tendency to corrode 
metal, it is preferable to have it form a 
protective scale rather than to continuously 
discharge ferrous bicarbonate or iron oxide 
to the consumer. If silica is present in the 
tubercle, its source must be the water itself 
if no silicates have intentionally been applied 
to suppress corrosion. 


Again, It Pays to Save the Surface 


If water treatment is necessary, it should 
begin when the distribution system is in- 
stalled. Although little published research 
exists on the subject, it is likely that high 
carbon dioxide and low pH has a tendency 
to dissolve and penetrate pipe coatings more 
rapidly than neutral or alkaline waters. 

Once pipe coatings are removed, water 
treatment may “reduce” but never “elimi- 
nate” corrosion. The manner of inhibiting 
the further oxidation of iron or steel seems 
to be: 

1. To precipitate or force calcium car- 
bonate out of solution to form a “protective 
film” or “protective coating” on the walls 
of the pipe. 

2. To lessen the tendency of iron to dis- 
solve and/or unite with the oxygen content 
of the water. 

















Excellent example of nature’s “overtreatment” of a well water. Protective scale of 
calcium and magnesium carbonate and sulphate formed in a hot water line. Jet black 
color, due to manganese. Removed from service due to clogging. 





Scale easily 
removed 
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Plate 1—Sketch of a Section Cut From Copper Tubing Which 


Suffered Severe Corrosion 


(Under the microscope this section, as sketched, revealed the 
mechanism and end products of the progressive corrosion as ex- 
plained in the text.) 


preventing the contact of the oxygen carrying water with the pipe 


To make existing blisters, tubercles, or coatings of iron metal. 


oxide more impervious and impenetrable, thereby more effectively 


The writer believes that the first principle has been over-em- 



































































































phasized. There are certain natural non-corrosive waters which 
contain insufficient mineral salts, and have pH values entirely too 
low, to ever force calcium carbonate out of solution. Their non 
corrosive properties must surely be derived from the two prin- 
ciples last mentioned. If alkalinity, pH and calcium content is 
maintained at a point to provide adequate “film protection” to 
cold water lines in winter months, then the change in temperature 
from between 32 and 40° F. to between 140 and 160° F. should 
clog a lot more hot water systems than we hear about, and con- 
sumers are never remiss in voicing such complaints to the water 
utility. 


The More Important Functions of Treatment 


The writer feels that the more important functions of treat- 
ment are to reduce the tendency of the water-borne oxygen to 
unite with iron, and to further cement or “waterproof” the iron 
oxide already present in the pipe, whether it be in the form of a 
surface film, blisters or tubercles. 

This cementing action is quite apparent when we observe water 
containing less than a “trace” of iron, if any, drawn from mains 
coated with tubercles to a thickness greater than one inch. 

Galvanized pipe, either steel or wrought iron, first exposes a 
zinc surface to the attacking water. Primary corrosion results in 
the formation of both zinc oxide and carbonate. It is likely that 
the oxide is first formed, which might of itself form a protective 
coating. Carbon dioxide, however, seems to combine readily with 
the oxide to form a coarse crystalline carbonate, which is removed 
by gradual solution as well as breaking away from the pipe walls 
in small pieces. 

Once the protective zinc has been attacked sufficiently to allow 
water to reach the wrought iron or steel, the upheaval of scale 
is more rapid due to the bulking effect of iron oxide. Thereafter, 
the pipe walls become coated with blisters or scale of red iron 
oxide, and subsequent deterioration seems comparable to cast iron 
tuberculation. Steel is, as a rule, attacked more rapidly than 
wrought iron, and its life may be quite short after complete re- 
moval of zinc. 

Zine is more resistant to corrosion than iron or steel, else its 
application to pipe surfaces would be pointless. Again the empha- 
sis should be on preservation of the original surface. 

Red brass, yellow brass, and copper tub- 


(Left)—Split section of yellow brass house plumbing completely protected by coating of iron oxide from the distribution main. 
(Right)—Desincification of galvanized wrought iron. 




















































of copper is also present. Failure occurs 

1. At the pipe threads, particularly if these are cut deep. 

2. By gradual reduction of wall thickness, and pitting to pro- 
duce “pin holes.” 

3. By complete dezincification, which leaves the copper in a 
semi-crystalline state. 


Tell-Tale Indications of Yellow Brass Deterioration 


The occurrence of a “white powder” at joints of yellow brass 
is commen, but a visual inspection of piping in service for sey- 
eral years will give little indication whether the powder is zinc 
carbonate or white lead oxide—a compound often used in “pipe 
dope.” Microchemical analysis gives ready identification, how- 
ever, and if zinc is predominant, the remaining years of useful 
service of the yellow brass are numbered. 


Several years ago the writer instituted treatment for an estate 
where yellow brass was used throughout, and many sections had 
“pin hole leaks,” necessitating pipe replacement. Copper car- 
bonate was present in sufficient amounts to impart a heavy green 
stain to laundered goods and to porcelain beneath dripping faucets. 
The complete neutralization of CO, and raising the alkalinity 
about 40 ppm completely inhibited the further discharge of cop- 
per carbonate, and since no leaks have subsequently occurred, it 
is reasonable to state that ccrrosion or further dezincification 
has been very greatly reduced. 

Complete dezincification with embrittlement of pipe metal is 
not common. It is possible, however, and small fragments could 
easily be broken from one specimen examined by the writer. The 
plane of fracture showed no metallic copper whatsoever, and this 
could only be observed by cutting through the specimen with a 
saw. 

Red brass, containing 15 per cent zinc, seems more resistant 
to corrosion even than copper tubing, or expressed conversely, 
some waters very lew in mineral solids and high in carbon 
dioxide attack copper tubing readily, but red brass either slowly 
or not at all. For the less corrosive waters, little comparison can 
be drawn since the life of both is, and should be, for a much 
longer pericd than we have on record today. 





ing have no protective coating other than 
the surface film of the metal itself. Yel- 
low brass pipe is unreliable for most 
waters and should be barred from plumb- 
ing use. Gradual deterioration is through 
the removal of the zinc to form oxide and 
carbonate scales although a sizable amount 









































Impervious green coating on lead 
service pipe. 








Corrosion of meter parts. 
shaft and gear coated with iron oxide. 


Brass frame, Meter disc chamber badly pitted and 


encrusted with copper carbonate. 








Some Observations of Corrosion of Copper Tubing 


A section of badly corroded type L copper tubing, which ha«d 
pitted-through or “pinholed” in spots, is sketched to scale in 
Plate 1. The surface scale, which was easily removed in long 
cylindrical rolls, was green copper carbonate. This was bound 
to the scale adhering to the pipe wall by black cupric oxide, 
which was distinctly crystalline in structure. The method of 
attachment was therefore quite parallel to that of tubercles on 
cast iron pipe walls. Beneath the cupric oxide was a layer oi 
red cuprous oxide Cu,O, which apparently was being formed 
from the metal of the tubing. _ This progressive oxidation some- 
what substantiates the conclusion that the first oxide formed n 
tuberculation of cast iron pipe was ferrous oxide FeO, which is 
not so readily identified as the red cuprous oxide, Cu,O. 

The order of oxide formation, expressed in simplest terms, is 
as follows: 

4Cu +0:-=2Cu,0 (cuprous oxide) 
2 CuO + O. = 4 CuO (cupric oxide) 
2CuO + H.2CO: = CuCO;Cu(OH): (cupric carbonate ) 

If a standard mineral analysis had been made of the removabie 
scale only, the stages of oxidation or carbonation would not have 
been manifest. This suggests the necessity of employing micro- 
chemical methods, as was done in this instance, and the need of 
a more fundamental study of the progressive stages of corrosion. 

In the absence of carbon dicxide, it is probable that only 
cuprous and/or cupric oxide would be formed, which serve far 
better as a protective film than the more porous cupric carbonate. 

This conclusion points strongly to the presence of carbon dioxide 
as a potent factor in corrosion, but it does not explain why some 
supplies containing high amounts of CO: do not actively attack 
copper tubing. 


Practical Observations vs Theory 


The writer has long felt that the approach to corrosion in the 
water works fiei'd has followed too much the same line of rea- 
soning. And, axioms (some formulated years ago for specific 
supplies) have too generally been accepted and applied. There 
are no two waters the same, and it is only by viewing corrosion 
of many supplies that we may form a concept of the fundamental 
underlying principles. 

It is often true that practice precedes theory, and with this in 
mind, the writer has tried to disregard some of our accepted 
tenets and evolve a rational approach from the standpoint of 
evidence rather than theoretical reasongin and what are accepted 
as chemical laws. 

If we have a practical knowledge of many supplies, natural or 
treated, they may be classified as “non-corrosive,” “corrosive” 
and “very corrosive,” based only on (1) frequency of hydrant 
flushing on dead ends and time required for hydrants to flush 
“clean,” (2) occurrence of red water on the distribution system, 
(3) life of galvanized steel, galvanized wrought iron, copper, red 
and yellow brass pipe, and hot water boilers, (4) tuberculation 
of mains, (5) loss of pipe carrying capacity, (6) stains on porce- 
lain, (7) occurrence of brown cr green stains on laundered mate- 
rials, (8) dezincificat‘on of ga'vanized steel or wrought iron, 
vellow brass pipe, etc., etc. 

If the chemical analyses for such classified waters are com- 
pared, we find little if any correlation for any one constituent and 
this particularly applies to pH. But considering the mineral and 
gaseous components, a general pattern seems to be evolved. 


If we occasionally find natural, untreated, well and surface sup- 
plies which are relatively non-corresive, should we not consider 
them somewhat as a criterion when we begin to alter the charac- 
teristics of water by the addition of lime, soda ash, caustic soda, 
silicate, and the aluminum and iron coagulants? 

I do not infer that nature cannot he improved upon. It can, as 
is evidenced by the appl‘cations of vitamins to aid plant growth, 
but until we have at least equaled natural processes, let us not try 
to improve upon them. 

The physical and chemical tests which should be employed in 
the evaluation of any water are: Turbiditv, Color, Odor, Carbon 
Dioxide, Alkalinity, pH. Hardness, Iron, Manganese, the Nitro- 
gen Determinations, Chlorides, Temperature, Dissolved Oxygen, 
Silica, and Solids. 

The complete mineral analysis is far too time consuming to 
ever be used from a practical standpoint, unless a lot more time 
and money is expended than heretofore. 

To judge the corrosive qualities of a water per se (not the 
effects of corrosion) the writer helieves that the following tell 
most of the story: Carbon Dioxide. Alkalinity, Hardness, Silica, 
Dissolved Oxygen, Chlorides and Nitrates. 

The two constituents last classified are genera'ly present in 
such low amounts (in Atlantic coastal supplies at least) as to 
render their inclusion rather dubious. Oxygen can only be deter- 
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mined accurately in the field and is not a “routine” test. Silica 
should definitely be included in routine examinations, although the 
method of analysis is of doubtful accuracy. 


Three Empirical Formulae Evolved 


The writer has evolved three purely empirical formulate to 
numerically express the corrosive tendencies of water, based on 
correlation of Standard Methods tests with the physical manifesta- 
tions of corrosion previously listed. 

_ They definitely take hydrogen ion concentration (pH) into con- 
sideration by the inclusion of Carbon Dioxide and Alkalinity, and 
I believe evaluate their true importance more accurately than 
does the pH test. 

Formula 1 is most applicable to routine analyses as performed 
by most commercial and state laboratories, and is as follows 
(analytical values are expressed in ppm.) : 

(1) Corrosion Index = 
75 
[CO. + % (Har. — Alk.) + Cl + 2N] —— 
Al 


It gives numerical values ranging from about 5 to 150, which 
are evaluated by the writer as follows: 


0-5 Extremely non-corrosive 
6-25 Non-corresive 
26-50 Moderately corrosive 
51-75 Corrosive 
76-100 Very corrosive 
101+. Extremely corrosive. 


This formula is generally applicable to waters on the eastern 
seaboard. It may apply or may be totally inapplicable to those oi 
the west or midwest. It holds primarily for natural waters but 
seems to give good interpretations for treated supplies. 

There are two other factors of prime importance which have 
been omitted since many laboratories do not make these tests as 
routine—they are Silica and Dissolved Oxygen. 

When the silica test is made, the following correction may be 
applied : 

10 
(2) Corrosion Index = CI (1) X —— 
SiO: 


If dissolved oxygen is also included, the formula is: 
(3) Corrosion Index = 





DO +2 
CI (1) X — xX —————_— 
SiO: Sat. DO 
DO +2 
or == CI (2) X -- 
Sat. DO 


It is observed that the formulas particularly stress total alka- 
linity and non-carbonate hardness. The writer is firmly convinced 
that the latter, which is often magnesium sulphate, is a potent 
factor in corrosion. 

Several natural “non-corrosive” waters are listed in Table 1. 

pH values are below those normally carried in alkali treated 
waters and range from 6.3 to 7.8 Corrosion indices are uni- 
formly low, however, except for the well water having a value 
of 62. The inhibiting factor in this case is naturally the low dis- 
solved oxygen. Obviously formula 3 would have been more ap 
plicable. The only ‘common characteristic of the group is low 
non-carbonate hardness. Although these natural waters are listed 
as non-corrosive, there is no doubt but that complete neutraliza- 
tion of carbon dioxide and the maintenance of several parts per 
million of carbonate alkalinity would have rendered them stil! 
less aggressive. 

Several extremely corrosive waters are shown in Table 2. 

Again the only common characteristic is high sulphate content. 
though the effect of low alkalinity seems pronounced. In the 
reservoir water and the shallow well supply last listed, the writer 
is convinced that sufficient alkalinity could not be supplied by lime 
without excessive pH, and in these instances soda ash or caustic 
soda would be the preferable chemical to apply. 

It has been known for some time that waters low in carbon 
dioxide and alkalinity could not be given sufficient lime to form 
a protective coating, but the writer feels that there is some fur- 
ther principle involved which may be roughly expressed as a 
hardness-alkalinity or carbonate-sulphate ratio. 

An example of the application of lime or soda ash to alum 
treated water, either before or after secondary aeration, is shown 
in Table 3. 

Here is indicated the advisability of adding lime or soda ash 
before rathet than after secondary aeration. The Index is prob- 
ably somewhat exaggerated, though plant operation showed that 
corrosion was reduced by substituting soda ash for lime in post 
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aeration treatment, and a split dosage of pre lime and post soda The writer wishes to emphasize that the empirical corrosion 







































ash has been instituted. indices listed were prepared on a cut and try basis over a period 
Based on correlation of chemical analyses with pipe deteriora- of years and are naturally subject to discrepancies and to change, 
tion, the following factors tend to reduce corrosion: They constitute a “rule of thumb” method for evaluating the 
corrosive qualities of a water, based on normal chemical analyses 
(1) Low non-carbonate hardness, or low sulfate content. and admittedly there is no phase of water treatment that can be 

(2) High alkalinity. competently handled on such a basis. 


(3) High silica content. 

(4) Low carbon dioxide. 

(5) Low oxygen concentration. 
(6) Low temperature. 


The formulae are presented with the hope they may elicit fur- 
ther practical research, and that a sufficient number of operators, 
chemists and superintendents will apply them, to either substan- 
tiate, improve, or entirely discredit the Indices. 


Those tending to accelerate corrosion are the converse of the The writer will be glad to receive reports from water works 
above. personnel as to their applicability to specific supplies. 


TABLE 1—RELATIVELY NON-CORROSIVE WATERS 
Results in parts per million 








Source River Spring Deep Well Deep Well Deep Well Spring 
TN rs ee wai dia rca ip Sra nes asekis 1 1.5 18 16 8 0 
ET os Si diag oe wd te pis sig bat anaes. Ra ae 100 66 30 92 130 28 
NE de oar ie es ood Bape, ee alee aie 104 76 34 88 131 28 
NG SPOS Tab Pacis ¢ wet we ee nei wwe wae 9's 4 4 5 5 9 3 
ME Oe eRe PER een: Con ae ae 1 0.4 0 0 1 0 
EE es Sita a Se Seco dae Ra ent ab eea lb hs tay oc 7.9 aa 6.3 6.8 7.4 7.8 
EES ea RR eae eee CER A earn eee Oe ods wa 7 a = ag 
NI RI nes ay ak cman ermine Gee ea sai 2.4 
I os og Saexcatweleisideeddwadnais 7 13 62 17 11 8 





*Computed with formula (1). 
TABLE 2—VERY CORROSIVE WATERS 


Results in parts per million 


Shallow Shallow Shallow 

Source Well Well Reservoir Deep Well Deep Well Well 
we ee ae ee 11 18 3 14 18 26 
Be GS has ce, nce nea cn caaeehew wees 5 9 9 18 34 8 
I ic gtk cicitva Sc acrata ware ai Sema a e uaee Oe 60 22 20 34 60 46 
SN ce MC ke. eS ie ib Seite G@uareme oes 20 5 2 3 5 13 
I. Alia 0h ore, AEG lovato duals: akpaserwde DO eraientors 11 | 0 0.5 1 1 
Re eS ai oi iia iaceruia a oat ala Loe gia Bd aime negiia 5.5 5.8 6.6 6.1 6.6 5.5 
MI Beak Sa SS gle GS File Ola cs eta See alas amet ge 2 5 6 ig 
is A ii i 2 acs toain vidal chen Cuewimob alpina Salen 1050 267 ? 92 108 82 560 











*Computed with formula (1). 
TABLE 3—EXAMPLE OF EXTREME VARIATION IN CORROSION INDICES DUE 
TO POINT OF APPLICATION OF ALKALI 


Results in ppm. 
Finished Water 








Raw W. Filt. W. Lime Lime Soda Ash Soda Ash 
After Filtered After Before After Before After 
Aeration Water Sec. Aer. Sec. Aer. Sec. Aer. Sec. Aer. Sec. Aer. 
Clee: TICRROE, PII 6. oieco snake dccwnsenenceces . ~ - 13 4 36 10 
NR rs it ee ae iy ki ai mane Sante 2 15 4 0 0 0) 0 
PE CD isi 6 secede n0'e cose week aleemedenis 38 38 38 56 43 38 38 
i i i cc ait a wm aie Gua gohileawlabowtianea’ 18 3 3 21 8 37 12 
I ata cerns ck seins cs fs AG Bones: udp MITA we WAPI 3 3 Z 3 3 3 3 
a a aca ae ge Cried hsm esas las 1 1 1 1 1 1 1 
| SaaS au aiewiade earache nh GEO amdeaad Sat. Sat. Sat. Sat. Sat. Sat. Sat. 
Oi tia tne dna icc aethnccan-diwinied @atss kak 6.9 5.6 6.0 7.9 7.9 7.9 7.9 
er 71 940 660 80 210 11 110 





*Computed with formula 











DRY FEEDERS 


Some Notes on Design, Maintenance and Operation 
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ROPER main- 
tenance of 
chemical feeders 
has been greatly 
simplified by con- 
stant improvement 


Storage 


Vibrator Ht opper 


here if 
needed 


or beara la eg Gaskeled gate Uniform slope ~ 
few comments on Slide gate 
application and +. 

ration may be ; 
helpful nonetheless, Moisture- Rack & pin ie 
especially in han- proof, flex —> Slide gate 
dling a problem of Connector 


unusual type of 
service. 














Intermittent op- Toad 
eration may cause 
chemical to cake, Hopper 


scale or lump in 
the feeder mechan- 
ism, due to absorp- 
tion of excess mois- 
ture from the air. 
Especially is this 
the case with lime, 
alum and sodium 
aluminate. If the 
usage is widely in- 
termittent, it is best 
to run all chemical 
out of the feed 
mechanism before 
shutting it down, 
and a positive acting shut-off gate between large supply hoppers 
and the feeder proper are important for this purpose. 


Feeder 





Hopper Attach me nt 


When periods of inoperation, or those of exceptionally low 
feeds, do not extend beyond a few days at a time, this difficulty 
can often be remedied by placing an ordinary electric light bulb 
in the most effective position to heat the chemical immediately in 
and above the feed mechanism. This will usually eliminate suffi- 
cient moisture to prevent severe lumps or scale. In feeders of the 
revolving table type, the bulb should be placed under the table, and 
as near as permissible to the adjustable deflecting knives; roller or 
shutter type of feeders should have the bulb close under the feed 
element; with screw, vibrating or gravimetric type feeders, the 
feed channel may be too long for adequate heating by a single 
bulb, and a small resistance element may be preferable. In the 
case of powdered carbon, however, the use of exposed heating 
elements is to be avoided, because carbon dust is flammable Both 
storage and feed hoppers should be made as tight as possible with 
gasketed covers, and any flexible connections between these hop- 


Hopper 
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1/ Slide gate 
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Rack & Pinion, dust proof Slide Gate 


pers should be of fairly moisture-proof material, or suitably 
painted fabric, to seal them. 

Arching in either the storage or the feeder hopper is largely a 
matter of original design. The hopper slope preferably should be 
at least 60 degrees from the horizontal. This applies to the corner 
joint as well as the flat of square hoppers, since arching often 
starts because this slope at the corner is insufficient. However, 
arching can be reduced if hopper covers are filleted, or slopes 
steepened. To hoppers with flexible walls alternating current vi- 
brators may be attached to keep the chemical moving down the 
sloping walls (see sketch.) 


Hoppers should always be equipped with screens, and these 
kept in place, to prevent entry of oversize material. Chemical 
sacks should not be opened over the hopper, as this invites the 
entry of troublesome string or bits of sacking which may foul the 
feed mechanism. 


Hopper gates should work easily to permit convenient shutoff 
of chemical; for this purpose, sliding gates are best when equipped 
with rack and pinion drive, so that destructive hammering is un- 
necessary for opening and closing them. Hopper gates of the 
rotary type and so-called “bin-valves” are available as refine- 
ments for this purpose. Where there is likelihood of frequent 
shut-downs such gates are especially worthy of consideration. 

After measurement, most dry feeders discharge chemical by 
gravity into a stream of water, usually in a vortex funnel or mix- 
ing chamber. At this point the amount of flow, and especially 
the velocity, must be sufficient to wet and sweep away the maxi- 
mum chemical. A tangential water inlet is preferable, to create a 
swirl and vortex for maximum wetting; if velocity is insuffi- 
cient for complete removal of all chemical, such may be increased 
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by reducing the size or altering the shape of the inlet orifice. The 
water flow should not flood and close the vortex, or chemical 
wetting will be impaired. 

The pipe lines carrying the wetted chemical to point of appli- 
cation should pitch at least 1 inch per foot and should have either 
large radius bends or, preferably, plugged crosses at each 90 
degree turn, so that the lines may be readily rodded out. The 
discharge end should preferably not be submerged. Or, if sub- 
merged, the line should be vented to prevent backing up of water 
and to release entrained air which might otherwise produce an air 
lock. Also it is possible that such entrained air may be occluded 
by the floc, causing it to have a tendency to float (see sketch). 

Vortex funnels and ejectors niainly provide mechanical removal 
of the measured chemical, and may not dissolve any great part 
of it. Subsequent agitation in a dissolving chamber should be 
provided for true solution, otherwise undissolved chemical may 
settle to the bottom of the mixing basin and be wasted. An in- 
itial, violent, short mixing of the chemical with the full flow of 
liquid being treated, ahead of slow coagulating mixers, will assure 
solution and distribution of all chemical. 

































































































INFILCO INC. 


(Formerly International Filter Co. ) 
Water Conditioning, Sewage Treatment, Hydraulic Control 









and Chemical Feed Equipment 
325 W. 25TH PLACE, CHICAGO, ILL. 





PRODUCTS 





Silica Gels 


Aerators—MultiCone, forced draft, coke Filter Plant Equipment—Controls, gauges, 

tray, cascade and spray indicators, recorders, operating tables, Softening Plants—Lime-soda, Hot-flow, 
Boiler Water Purification Plants transfer switches, coagulators, etc. Accelator, Zeolite. 
Carbon Purifiers—Taste. odor and color Fluorine Removal Plants Steam and Gas Purifiers 


removal plants 
Chemical Feeders—Dry and solution types, 
combination mixers and feeders 
Color Removal Plants 
Controllers—Chemical feed, rate of flow, 
liquid level, hydraulic valve 
Filters—Concrete and wood gravity, pres- 
sure, and disk type water filters; also 
oil removal, swimming pool, etc. 


Gauges—Rate of flow. liquid level. etc. 
Iron Removal Plants 

Lime Feeders and Slakers 
Proportioners—Acid and chemical feed 


Sewage Treatment Equipment—dActivators, 
Accelo-Filters, coagulators, clarifiers, dos- 
ing siphons, rotary distributors, samplers 


Sterilizing Equipment 

Swimming Pool Equipment—Filters, clean- 
ers, fittings, etc. 

Taste and Odor Removal Plants 

Venturi Tubes 

Water Filters and Filter Plant Equipment 

Water Softening Plants of all types 

Zeolites and Zeolite Water Softeners 


WATER CONDITIONING EQUIPMENT 


INFILCO SERVICES 


NFILCO has specialized in the design and manufacture of 
all kinds of water conditioning equipment—from aerators 
to underdrains—for over forty years. 


The consulting engineer or his client can specify “Infilco"”’ through- 
out the water treating plant knowing that such equipment has the 
benefit of Infilco’s vast experience in supplying thousands of in- 
stallations. Specifying one brand of equipment throughout gives the 
added assurance of undivided responsibility and coordinated results. 
The services of Infilco’s staff of competent engineers and their 
complete laboratory facilities, ready to cooperate in making recom- 
mendations and reports, are at the disposal of the consulting 
engineer or his client. 


ACCELATOR SOFTENERS, CLARIFIERS AND 
STABILIZERS 

The Accelator for water soften- (Br, 
ing and clarifying is one of the 


most important water treat- 
ment developments in recent 
years. While retaining all of 


the advantages found in the con- 
ventional lime or lime-soda proc- 
esses, it offers many new advan- 
tages. Treating, mixing, reaction 
and clarification, all are carried 
out in an incredibly small space. Treating chemicals are applied in 
a new way. Size is but a 
fraction of that for old type plants where design was based upon 
holding time requirements for chemical and physical reactions 
and for sedimentation. 


ZEOLITES AND ZEOLITE SOFTENERS 


Infileo Zeolite 
Softeners are of 
either pressure or 
gravity type, and 
are built in sizes 
to meet any ca- 
pacity require- 
ment. Controls 
are furnished for 
either manual, 
semi-automatic or 
full automatic op- 
eration as desired. 
A variety of Infilco Zeolites are available, and the selection of type 
to be used will depend upon the characteristics of the water to be 
softened and upon requirements. All Infilco Zeolites are capable 
of quick regeneration, considerable overload capacity and opera- 
tion at high rates of flow. 


Reactions occur under new conditions. 














CONTROLLERS AND GAUGES 


Infilco Rate of Flow Controllers, 
for automatically maintaining uni- 
form rates of flow, are noted for 
their accuracy, low loss of head, re- 
set and rate setter features. Inalco 
Water Level Controllers operate hy- 
draulically controlled valves to main- 
tain proper liquid levels. 





Infilco Indicating and Recording 
Rate of Flow, Loss of Head and 
Liquid Level Gauges and Illuminated 
Indicators provide visual indication 
and permanent records of plant 
operation. 


PRESSURE AND GRAVITY FILTERS 


Clean, clear water, essential for municipal supply, is assured by 
Infllco pressure or gravity type filter plants, in capacities from a 
hundred gallons per day up. 














The design of every Infilco filter plant is based upon sound engi- 
neering principles, backed by over four decades of experience in 
equipping many hundred municipal water works, and building tens 
of thousands of industrial filters. 








RECARBONATORS 


Infilco Recarbonators are available for the stabilization or 
recarbonation of industrial liquids, trade wastes and lime- 
softened water. Infilco equipment provides for the complete 
process of producing, cooling, scrubbing, compressing, drying 
and applying carbon dioxide gas to the liquid. 


COAGULATORS 


Infilco Coagulators promote economy 
and efficiency in the chemical treatment 
of water and sewage. The applied chem- 
icals are fully utilized by bringing them 
into intimate contact with the liquid 
undergoing treatment. The suspended 
particles are collected rapidly and quickly 
aggregate into masses having very high 
subsiding values. 
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INFILCO INC, 





TRANSFER SWITCHES, OPERATING TABLES 
ROBOTROLS AND SAMPLING TABLES 


Infilco Transfer Switches provide finger-tip con- 
trol of hydraulically operated mechanisms. They 
meet every requirement o1 4-way plugs or piston 
cocks without their inherent disadvantages. Ex- 
treme compactness is obtained by grouping all 
four separate valves in one body, along with pres- 
sure and waste passages. 

Infilco Operating Tables offer both utility and 
a pleasing appearance. They provide centralized 
and simplified control for a number of hydraulically operated 
valves, and at the same time furnish an attractive mounting for 
the control levers, indicators and gauges. 

The Robotrol is a robot filter or softener operator. It back- 
washes (or regenerates) and returns the unit to service—auto- 
matically, efficiently and without supervision. 

Sampling tables furnish a visual check on the condition of raw, 
settled and filtered water. 





HYDRODARCO PURIFIERS 


Hydrodarco is the activated carbon made expressly for water 
purification. Hydrodarco Purifiers, employing beds cf granular 
Hydrodarco, automatically remove tastes, odors, chlorine, iron, 
organic color, etc. They are furnished in capacities from a few 
gallons per hour to millions of gallons ner day. 





INFILCO FILTER UNDERDRAINS 


Wagner Filter Underdrains pro- . 
vide a primary distributing system 
of a manifold and laterals on wide 
centers, with distributing orifices 
along their undersides; and a sec- 
ondary system of Wagner precast 
blocks fitting between the laterals. 
The system fills every requirement 
for perfect wash water distribution. 
With manifold and laterals of Transite (an asbestos and Portland 
cement product) this underdrain is practically everlasting. 








FLUOREX PURIFIERS 


I‘luorex is a specially prepared, highly porous and reactive tri- 
calcium phosphate for removing fluorine from water. Fluorex 
Purifiers, with their improved method of regeneration which pro- 
longs the active life of the adsorbant and makes possible the use 
of ordinary materials and construction, offer the ideal means of 
removing fluorine. 


AERATORS 


To permit selection of the proper type of 
aerator to meet conditions of head and space 
available, character and quantity of water to 
be handled, and the results desired—Infilco 
offers its MultiCone, forced draft, coke tray, 
floating cone, adjustable cone and_ cascade 
aerators. 








CHEMICAL FEEDERS AND PROPORTIONERS 


Infileo Chemical Feeders—dry or solution— 
provide means for volumetrically or gravimet- 
rically measuring and feeding chemicals in any 
form: liquid, powdered, granulated or lump. 
Capacities are from a fraction of a pound to 
hundreds of pounds per hour. 


Infilco Continuous Lime Feeders and Slakers 
combine in one continuous, automatic process, 
the consecutive operations of feeding and slak- 
ing crushed or pebble quicklime, followed by 
the preparation and delivery of a suitable milk 
of lime mixture. 


_Infilco Proportioners maintain predetermined ratios between 
liquid or solid flows, or automatically vary the ratio of one flow 
with respect to another, by electric, hydraulic or mechanical means, 





SEWAGE TREATING EQUIPMENT 


NFILCO manufactures equipment for all sewage treating 
| processes—chemical, biological and mechanical. In offering 

many products for application in these various processes, 
Infilco also offers the user the advantage of centralized responsi- 
bility, which is important in assuring continued satisfactory 
equipment operation. 


For making recommendations and reports to the consulting engi- 
neer and his client, Infilco extends its laboratory facilities and 
the service of its staff of engineers. It is of course not intended 
that this service shall conflict with the work of the engineer ; 
rather, it is meant to be in cooperation with this work. 


ACCELO-FILTER SYSTEMS 


The Accelo-Filter system provides a 
new and improved method for treat- 
ing sewage and orzauic wastes by) 
constant, direct recirculation through 
the trickling filter. This results in 
repeated inoculation with freshly 
aerated material and provides effec- 
tive reduction of the organic content 
of the biological filter at a consider- 
ably higher dosage rate. 





Aero-Spray Nozzles on a rotary distributor (above) provide a 
fan-shaped variable spray which assures optimum coverage and 
maximum aeration in the application of screened, settled sewage 
to trickling filters. All parts of these improved nozzles are bronze 
to assure long life. 


CLARIFIERS 





] 


Infilco Types WS and PD 
Clarifiers obtain a perfect bal- 
ance of the conditions neces- 
sary for efficient operation of 
a sewage concentrator. These 
Clarifiers are designed with 
curved rotating scraper blades 
that gently concentrate and re- 
move settled material with 
practically no disturbance of 
the liquid. Accordingly, reten- 
tion periods may be selected to avoid both septic action and 
excessive surface scum formation. 





The two different sizes of Infilco Clarifiers assure effective re- 
moval of solids from the sedimentation tank whether it be small 
or large. The WS Clarifier with central motor reducer drive is 
supplied for tank diameters up to 40 feet. For diameters larger 
than 40 feet, there is the PD Clarifier, driven by a horizontal 
motorized reducer through a pinion which meshes with a station- 
ary rack at the tank periphery. 


ROTARY DISTRIBUTORS AND DOSING SIPHONS 


Only Infilco Rotary Dis- 
tributors offer so many 
important refinements 
such as full-opening arm 
end gates, mercury seal 
with protective seal ring, 
and _ corrosion-resistant 
nickel iron castings, 
along with low operat- 
ing head requirements 
and uniformity of dis- = 

tribution. Infilco dosing siphons insure perfect operation of dis- 
tribution mechanism at all flow rates. 
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PALMER FILTER BED AGITATORS 








Advantages 


e@ Long filter runs. 

@ Less wash water required—averag- 
ing 40 per cent reduction. 

@ Complete elimination of mud balls. 


@ Reduction of chlorine demand in | 
filtered water—because of removal . een 
of organic matter in the filter sand. 1. 


@ No more cracking or shrinking of 


the beds. 


@ Sand is as clean as new sand after 
about three weeks operation of the 


agitators. 


Operates by water at city pressure. 
High velocity, low volume jet action New Bedford Rayon Co. 
completely scours the expanded filter 


@ Better tasting water. medium. Low cost. 






FILTER ALUMS — POWDERED 


Dustless Blackalum 


CORROSION RESISTING PAINTS — —FILTER SAND 
ACTIVATED CARBON — BLEACHING CLAY 





A powerful deodorizing and decol- 
orizing coagulant. Contains pow- 
dered activated carbon. Prevents 
fermentation of sludge in basins. 
Fast Floccing over a wide pH 
range. Particularly effective for 
summer coagulation. Removes tastes 


from water supplies. 
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Installations 

Cities 

Hundreds of municipalities have Palm- 
er Filter Bed Agitators. 







Industrial Companies, such as 


-—-— — — Z Anheuser Busch, Inc. 


E. I. du Pont de Nemours and Co.— 
8 plants. 

General Electric Company 

Hammermill Paper Co. 


American Enka Co. 
Gulf States Utilities Co. 
Rayonier, Inc.—3 plants. 








Standard Activated Alum 






An economical, high alumina con- 





tent coagulant. Compounded for 






use when dealing with water which 
is difficult to handle. One of Amer- 


ica’s largest selling coagulants, pro- 










viding maximum coagulation econ- 





omy with greatest efficiency. 









































































FILTER WASHING 





Some Observations on and Results with Methods Old and New 


By H. J. KRUM, Supt. of Filtration and |. M. GLACE, Consulting Sanitary Engineer 
Allentown, Pa., and Harrisburg, Pa. 


HE authors of this paper, although having no official con- 

nections, have nevertheless cooperated for years on the solu- 
tion of the many difficulties incident to the proper maintenance of 
public water supplies and the collection and disposal of sewage, 
including certain research and operating problems. The care of 
filters, naturally, has been one of the matters considered. 

This association has been unusually beneficial to both authors 
and the more effective, it is felt, because one author (Krum) 
has had available a large and well equipped laboratory for chem- 
ical and bacteriological studies and, as chief operator of a ten 
million gallon rapid sand filter plant as well as several smaller 
swimming pool filters, has been able to install for experimental 
purposes many devices of varying kinds, and to put into practice 
a number of improved operating procedures. 

Although the authors confess to differences of opinion on some 
of the practices of the profession, they find themselves in complete 
agreement on the desirability of better facilities for the cleansing 
of the media of filter units, and on the efficiency of the socalled 
sur face-wash. ; 

The data and conclusions presented herein represent a consoli- 
dation of ideas and opinions based on detailed research at one 
plant ard on general observations at plants over a wide area. 























The Allentown Experimental Filter. 


Fig. 1 (left) shows the layer of coated top sand after many repeated washings at 


high rate bottom wash alone. 


Fig. 2 (right) reveals the result of sand scour secured by surface-jet wash for only 


a short period. 


The hanging cone is the sand bed expansion indicator developed at Allentown for indi- 
cating correct washing rates throughout the year. 


Past Practices 


For the sake of clarifying this discussion, and in an attempt 
to indicate briefly the struggle of the profession to solve this 
knotty problem of filter operation, the historical outline which 
follows is cited to show approximately the time periods in which 
certain designs and practices have been popular in the water 
works field: 

—Prior to 1910— 


In circular tub filters ; with false bottoms, pipe laterals, a variety 
of types of strainer heads and, commonly, revolving fixed rakes, 
with “low” wash water rates of 8” to 12” rise per mirute. 

1910 — 1920 

In rectangular concrete units; with slict:iy increased wash 

water rates, and frequently air wash as an «uxiliary. 
1920 — 1930 

As in 1910-1920, but with “moderate” rates of wash up to about 
30” rise, and with perforated lateral pipes and deeper gravel beds 
for better distribution. 

1930 — 1940 


As in 1910-1920, but with “high” rates of wash up to 48” rise 
per minute, a variety of filter bottoms, many of a nonmetallic 
character, and frequently false bottoms to re- 
place manifolds and laterals. 


Surface wash was introduced as an aux- 
iliary to the bottom wash, with either fixed 
or revolving piping at the surface of the 
medium for such purpose. The introduction 
of porous plate filter bottoms, eliminating 
the gravel bed. 


Seemingly most of the difficulties in filter 
washing began with the advent of the rec- 
tangular concrete box filter. This period co- 
incided with the abandonment of the circular 
wooden-tub type filter and mechanical rakes. 

The time periods indicated are, perforce, 
only approximations and considerable over- 
lapping naturally occurs in any such classifi- 
cations. As for instance, perforated pipe lat- 
erals were used as early as 1905, at the Har- 
risburg, Pa., works. 

Mention should be made of the use of slat- 
bottomed units which, generally, have never 
been accepted by the profession because they 
seem to violate one of the basic principles of 
design; that is, the production of a uniform 
head at the base of the strainers, or other 
openings through restricted orifices. 

Mention might be made, also, of the use 
_in a number of plants of fine mesh screens, 
installed between the top of the gravel layer 
and the sand bed to prevent “upsetting” of 
the gravel; a condition which, it is not gen- 
erally recognized, exists to some extent in 
practically all units not in some way pro- 
tected against disturbance. This point in the 
filters—the junction of the sand and gravel— 
might well be classed as the “danger line,” 
since a serious upset at this junction of the 
two media results finally in the failure of the 
bed to perform its functions and, ultimately, 
in the necessity for a complete and expensive 
overhauling of the affected unit. The serious- 
ness of this problem brought forth the de- 
velopment of the porous-plate false bottom, a 
very promising improvement in design. 

In addition to the listed methods of con- 
struction, an enormous amount of time and 
effort has been given to a study of the sizing 
and specific gravity of the filtering media, 
resulting, from a design standpoint, in the 
use of anthrafilt in many filters, and the use 
of coarser sands of a larger effective size. 


All of this—revolving rakes, air wash, 
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false bottoms, screens as gravel retainers, “high” rates, and what 
not, even when combined with greatly improved mixing and co- 
agulation of chemicals—has not resulted in the design or use ot 
any one “best” procedure, or in the prevention of mud-balls, hard 
spots, and the necessity for the frequent expesive overhauling of 
the units; nor has it provided operators with means for maintain- 
ing a really clean filtering medium. 

It is admitted that in some of the more carefully designed and 
better operated plants these interferences in filtration have been 
held to a minimum but so far as the water works field generally 
is concerned, the results are stated above. 


High Wash Rates Disappointing 


Of these various features of design, the so-called “high’’ wash 
rate seems to have been the greatest disappointment and the most 
misleading. A rise of as much as 48” per minute is exceptional 
but when this is expressed, as it might well be, as 4 feet per 
minute, the actual low velocity of such a flow can be more read- 
ily recognized. Although the actual velocities through the inter- 
stices of the expanded sand may be 2 to 3 times this stated 
velocity, but little sand scrubbing effect results. 


The Surface Wash 


Various forms of surface wash have been developed in the last 
half dozen years (not considering the old revolving rake in this 
classification) with almost universal improvement in operation.’ * 
The development of the relatively inexpensive and easily installed 
Palmer Filter Bed Agitator has speeded up the trend towards 
such a form of auxiliary wash since it was introduced to the 
field in 1939, and first described by the inventor, a filter operator, 
in this magazine. 

The success of these various forms of surface wash is the 
result of the relatively high velocities of the jets issuing from 
the distributor arms, which velocities commonly reach: frem 50’ 
to 100’ per second, or 1,000 times that of the socalled “high 
rate’ bottom wash. The tremendous scouring action of these 
fire stream velocities is at once apparent. 


Some Allentown Observations 


When Hulbert and Herring‘ first directed the attention of the 
profession to the importance of the degree of expansion of the 
sand bed in filter washing and emphasized the higher efficiency 
of the more viscous low temperature water, in expanding the 
media, the authors became interested in the importance of wash 
water control to secure effective bed expansion under all condi- 
tions. To this end Krum, in cooperation with the Simplex Valve 
and Meter Co., developed the sand expansion indicator, now used 
successfully in many plants. Data on these studies was first 
published in WaTER WorKs AND SEWERAGE.* 

For the Allentown experiments a model filter unit with glass 
sides was constructed. It had an effective area of one square 
foot and was built to full vertical scale. It was equipped with 
the perforated concrete Leopold bottom, a duplicate of the block 
originally installed in the Allentown plant. In other words, the 
experimental unit is an exact replica of a 12-inch square section 
of the full size filters—see Fig. 1. 

Sand for the experimental unit was taken from one of the 
plant filters, using a perpendicular column of sand extending from 
the surface down tc the gravel layer. The sand at the bottom 
of this column had the appearance of clean sand, but the top & 
inches was black in color and had a coating of impurities, ap- 
proximating 20 per cent bv weight. This experimental bed was 
washed repeatedlv, probably 200 or 300 times, at wash rates 
which expanded the sand in varying degrees up to 60 per cent. 

During the course of these experiments on the rate of expan- 
sion no new sand was added to the filter; nor. although the unit 
is equipped to receive coagulated and settled water. was such 
water applied to the unit. The coated condition of the top sand 
at the end of the repeated high rate washings in these exneriments 
is revealed in Fig. 1. In the rhotogranh it has the appearance of a 
layer of black water rather than sand. 

At the conclusion of these expansion experiments a fixed jet 
surface wash of the Baylis type, shown in Figs. 1 and 2 as a 
perpendicular pipe extending downward and ending 3 inches 
above the top of sand bed, was installed in the experimental filter 
to determine whether or not the coating on the sand grains could 
he removed by this method of washing. The results were star- 
tling. The application of the high pressure water jets to the 
unexpanded sand created a violent movement in the top 8 inches 
of the bed. This scoured the sand so effectively that the super- 
natant water immediately becatne opaque because of the turbidity, 
and was black in color. After two minutes of this initial scouring 








vt the settled bed, wash water was introduced from below and 
the entire bed of sand expanded 50 per cent. The resulting down- 
ward movement of the upper sand, due to the action of the surface 
jets, and contact with the upward movement of the lower sand 
due to the back wash, caused a second violent scouring, with a 
penetration to 18 inches below the surface. Repeated washing 
of the sand in the experimental unit by this method resulted jn 
the disappearance of the black coating on the top sand, and the 
entire volume of sand attained the appearance of uniformly clean 
sand, as revealed in Fig. 2. 
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Fig. 3—One of the 1.25 M.G.D. Filters Equipped with Palmer 
Revolving Agitators. 





This demonstration convinced the authors of the comparative 
ineficiency of the normal method cf washing filters. Observa- 
tions, in other plants have simply confirmed this conviction and 
further convinced us of the comparative inefficiency of the normal 
method of washing filters. 


Full Plant Scale Data 


The Allentown filter plant was built in 1928 and takes water 
from the Little Lehigh River, a stream draining a fertile farm- 
ing area, with consequently widely varying turbidities. The works 
comprise an intake well with screens, low lift pumps, a baffled 
mixing basin, with an actual retention period of about 20 minutes 
for floc formation, duplicate sedimentation basins of about 2 hours 
capacity, and 8 rectangular filter units with a capacity of 1.25 
m.g.d. each. Alum is used as a coagulant, with pre- and post- 
chlorination. The only unusual features of the plant are the non- 
metallic Leopold Duplex Filter Bottoms. The raw water alka- 
linity is above normal for Pennsylvania and somewhat hard, but 
is not grossly contaminated. Some few industrial wastes in minor 
quantities are present in the water. 

The history of the Allentown filter units is typical of many 
other plants, with probably an average amount of mud ball forma- 
tion, some gravel disturbance, and an occasional hard spot at the 
outer perimeter of the units and in the corners. Since the plant 
was built in 1928 the sand has been ejected from the filters twice 
for the purpose of breaking up mud bal!s and to examine the 
condition of the gravel layers. 


Conditions at Allentown, the authors feel, average the field 
quite generally except for the absence of troubles commonly due 
to metallic bottoms. The plant is operated at full rates with 
daily shutdowns of several hours each day. 


After due consideration of the condition of the filters and 
other factors involved, and because of the results observed in the 
experimental filter, a rotating Palmer Filter Bed Agitator was 
installed in filter No. 3 in April, 1940. The results were so satis- 
factory, from a visual standpoint, that four additional filters were 
equipped with Palmer Agitators, the first being installed in July, 
1940, and the last two in April, 1941. The remaining three filters 
in the plant are likewise to be equipped before the end of 1941. 


The surface dimensions of the Allentown filters are 20 feet by 
22 feet. The Palmer Agitator installed consists of one brass 
unit with properly placed jets and with an overall length of 1914 
feet, the longest arm used anywhere, according to the manufac- 
turer, up to the time of the last installation. In order to provide 
rigidity for the agitator, sections of galvanized pipe 2%4 inches 


















in diameter in the form of a cross are iastened to the four walls 
of the filter with wall flanges—see Fig. 3. 


Mud Ball and Coating Reductions 


Before the second installation was completed in August, 194 
(filter No. 4), samples of sand were taken from the top 6 inches 
of the bed and the volume of mud balls accurately measured, 
using the method advocated by Baylis.* In addition, the amount 
of coating on the sand grains was determined by treating a 
weighed sample with concentrated hydrochloric acid, washed, 
dried and reweighed.’ 

These determinations have been repeated monthly since that 
time. It will be noted in Table 1 and Graph 1 that the average 
amount of mud balls in the top 6 inches of the seven filters not 
equipped with agitators was 5.6 per cent. In filters No. 3 and 4, 
equipped with agitators, after one month of service practically 
no mud balls remained. 

TABLE No. I 


—— Sand Characteristics —-— 


Filter % Mud Balls Eff. Size Uniformity Coef. 
No. 1 4.3 63 1.35 
ae 46 53 1.32 
No. 3 O* 60 1.50 
No. 4 Y pe 53 1.40 
No. 5 8.3 BA. 1.36 
No. 6 6.0 55 1.36 
No. 7 2.9 54 1.40 
No. 8 6.1 69 1.30 


~ -*Not tested previous to installation of Palmer agitator. Tests— 
October 29, 1940. 
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Uniortunately, no sand coating test was made on the sand in 
filter No. 3 prior to the installation of the agitator. However, 
the average coating on the sand in filters No. 4, 5 and 6 before 
the installation of the agitators was 23.4 per cent. The rate of 
reduction in sand coating, as the result of surface scouring, is 
shown in Graph 1, which tells its own story better than can be 
told in many words. 


Wash Water Savings 


The authors are unable to contirm claims made by others as 
to marked savings in wash water through the use of surface 
wash, either by careful analysis of the Allentown plant data or 
after more general observations elsewhere. It is conceded, how- 
ever, that other operators may have collected information demon- 
strating success in this phase of the operations where filtet de- 
sign may not have been as satisfactory—as at Allentown. 

At Allentown it has been the practice to wash each filter unit 
at a loss of head of 6 feet, or immediately upon the appearance 
of turbidity in the effluent of such filter, rather than to depend 
entirely on the loss-of-head rate-of-flow, or time period, as vari- 
ously and generally practiced. Successful coagulation and sedi- 
mentation, as well as the turbidity of the raw water, under Allen- 
town procedure greatly aftect the length of filter runs. Data 
on filter runs at the Allentown plant for the year 1940 are shown 
in Graph No. 2. The effect of spring and fall rains is reflected 
in the shorter runs in April and November. 

In a study of these filter run figures, consideration should be 
given to the fact that the sand in the plant has been in use for 
12 years, and that considerable variation exists in the sizes and 
uniformity coefficients in the varicus units because of the gradual 
and non-uniform loss of the finer particies.. The possible effects 
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Graph 1—Sand Coating and Mud Ball Records 


Revealing Rapidity with Which Surface Wash Removes Sand Coatings and Clears Out Mud Balls. 
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of these sand characteristics has not as yet been studied in detail. 

An examination of the graph on filter runs reveal no definite 
trend in filter run time, nor does it indicate any reasons for a 
failure to secure longer runs. The general average of the agi- 
tator-equipped filters is approximately that of the other units. 
The high percentage of wash water used for filters No. 3 and 
No. 4 in the first months after installation of the agitators in 
these units, undoubtedly was due to frequent washing for dem- 
onstration and experiments, rather than to normal procedure. 

From the standpoint of increased length of filter runs, there- 
fore, no savings in wash water have been secured at Allentown. 
The same general impression seems to have been arrived at in 
other plants under observation, without any definite figures avail- 
able for confirmation. A lower sand expansion index has been 
used at Allentown in the agitator-equipped units than in those 
not so equipped, but the saving in wash water which apparently 
should be effected has not been confirmed by actual measurement 
and plant data. 

At Allentown, as previously stated, prechlorination is a regular 
practice. One of the gains effected through the surface wash 
installations and a further indication of the increased cleanliness 
of the media in the units so equipped has been the greater resid- 
ual chlorine maintained in the effluents of these filters, as com- 
pared with the effluents of the remaining filters. Data are shown 
in Graph 3. 

Chlorine Economy 


It will be noted that the chlorine residuals in the effluents are 
uniformly and consistently greater for agitator equipped units 
No. 3, 4 and 6 than for the other units not so equipped. On many 
occasions the residual of these units has shown very little reduc- 
tion from that of the residual of the applied water. In actual 






practice this means eventually a decrease of appreciable amount 
in the rate of application of pre-chlorine, with subsequent say. 
ings in expenditure for this chemical when all filters have been 
equipped with surface wash facilities. 

This effect of the cleaner sand on chlorine residuals (chlorine 
absorption by the bed)--was first noted in December, 1940, some 
six months after the first agitator was installed in filter No. 3 
and three months after No. 4. Detailed studies and observations 
on the residuals of the separate units was then begun and have 
since been continued. 

The heavy chlorine demand of the average filter unit is well 
known, and it is sometimes difficult to secure any residual chlorine 
through a filter bed unless the sand is super-chlorinated before 
pre-chlorination is begun, or until heavy pre-chlorination has been 
practiced for some considerable period of time. As a matter of 
fact, many an operator has been brought to grief through the 
application of pre-chlorine to dirty filters because of subsequent 
severe taste and odor production resulting from reactions between 
the chlorine and accumulations within the ineffectively washed 
sand bed. 

At Allentown all filters were thoroughly chlorinated before pre- 
chlorination was begun. Pricr to the time the first agitator was 
installed, application of chlorine in doses up to 1.14 Ibs. per million 
gallons had been used continuously for approximately 12 months, 
with the point of application at the influent of the mixing chamber, 
approximately three hours before the chlorinated water reached 
the filters. 

The decreased chlorine demand of the filtering media after the 
agitators were installed became apparent almost immediately in 
filter No. 6, and after about two months of operation, the residual 
of this unit reached approximately the same figures as for those 
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Graph 2—Filter Run and Wash Records 


(These Records Fail to Show Wash Water Reduction Accruing from Surface Wash at the Allentown Plant.) 











of filters No. 3 and 4, which had been surface washed for about 
6 months and 4 months, respectively, prior thereto. 

The authors hope to make a detai-ed study of this problem— 
the chlorine demand of filter med:a—in the near future. 


Costs of Installation 


The effective apparatus of the agitators, consisting of a toggle 
joint, pipe manifold, and special nozzle openings, all of brass, was 
purchased at a cost of $197.64 for each unit at Allentown. Auxil- 
| iary valves and pipings were purchased by the city and installed 
by the salaried employes of the city. Basing the labor costs, 
however, on current hourly rates for skilled mechanics, and 
adding in the costs of piping, valves, etc., the total cost of installa- 
tion for one unit (1.25 m.g.d.) was $310. This would mean a 
total cost of about $2,500 to equip all eight filters in the plant. 

In this cost analysis, consideration must be given to the fact 
that the Allentown filter boxes are almost square in plan (20 by 
22 feet), so that it was possible to use only one revolving mech- 
anism to each unit. With filters of dissimilar area, the costs 
may be greater because of the necessity for installing two or 
more arms in each bed to cover the entire area. Apparently a 
reasonable average cost figure, for general use, might be given 
as $350 per M.G.D. of filter capacity. 





Summary 


1. To a greater or lesser degree, mud-balls and hard spots are 
common to rapid sand filter units. 

2. Despite careful design, careful operation, and a multitude 
of practices, no generally successful method of preventing these 
disturbances had been found prior to the development of the sur- 
face wash by Baylis about 1930. 
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3. In all plants where surface wash has been made an auxiliary 
to normal bottom wash, improvements in the appearance and 
cleanliness of filter media have been made. 

4. Surface wash piping or the revolving Palmer agitator can 
be installed without any major interference with normal filter 
operation. 

5. Costs of installation of the Palmer Agitator depends on the 
size and shape of the filter boxes, but generally speaking, should 
average about $350 per M.G.D. capacity, including all costs for 
labor and appurtenances. 

6. At Allentown, Pa., with a Palmer Agitator to provide sur- 
face wash: 

a. Mud balls were practically eliminated in five weeks’ opera- 
ation of a full scale unit. 

b. Coating on sand grains was materially reduced. 

c. No appreciable saving in wash water has resulted through 
the use of surface agitation. 

d. With pre-chlorination, the effluent of agitator equipped filter 
units show continuously higher chlorine residuals than do the 
units washed at high rates but without surface agitation. 


References 
1. Baylis: Mun. News & W. W., 76, 89-95, 1929. 
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Graph 3—Records of Chlorine Removal by the Filters. a 
(Indicating the Extent to Which Chlorine Is Absorbed by Coated Sand vs. Clean Sand in Those Filters Equipped with Palmer 


Agitators—in Itself an Index of Sand Cleanliness as Well as an Operating Economy Realized.) 
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By E. A. SIGWORTH 


Industrial Chemical Sales Div.* 
New York City 


Progressive men in the water works field realize that by serv- 
ing the public a water that is palatably attractive, as well as 
safe they are doing a real and appreciated service to the com- 
munity. Toward this end activated carton has filled a very real 
need, and now the use of the adsorptive purifying material has 
grown the world over. In speaking of “tastes and odors” in 
water it is well to keep in mind that we are principally concerned 
with odors rather than tastes. 
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llow ee, for Chlorine 2. Activated Carbon Applications 


The Material 


Activated carbon, as it is usually employed in water purification, 
is a fine black powder and accomplishes the removal of tastes and 
odors by a phenomenon commonly described as adsorption. In 
simple terms this means a concentration of the taste and odor 
producing substances on the surfaces of the carbon particles. 
Thus, when the carbon particles are removed from the water, the 
taste and odor producing substances are also removed. Since 
activated carbons are harmless, an overdose in a water supply 
will cause no greater difficulties than perhaps to add some slight 
amount to the cost of treatment. Activated carbons are also 
offered in granular form for contact units—in situations where 
the more economical powdered material is unpracticable. 

Considering the great variety of odors which may be found in 
a water supply, the almost universal success in removal with acti- 
vated carbon is truly remarkable. John R. Baylis! has stated “All 
tastes and odors likely to be present in a water supply can be re- 
moved with activated carbon.—We find a few statements in the 
literature on water treatment that the taste or odor was not re- 
moved by the addition of carbon, tut almost invariably the reason 
was that not enough carbon was used.” Along with its other many 
accomplishments, activated carbon is a very effective dechlori- 
nator. Its use for this purpose has the very definite advantage 
that an overdose will have no ill-effects in the distribution system. 


Methods of Application 


Although activated carbon is not harmful to health when taken 
internally, its presence in a distribution system could be objec- 
tionable to the layman because of its black appearance. Thus, it 
is desirable to plan in advance for its removal in treatment 
processes. Application of activated carton is therefore usually 
made prior to sand filtration. However, activated carbon has been 
successfully applied where no filters are available; the removal 
being accomplished by coagulation and sedimentation. Even where 
coagulation is not practiced, activated carbon has been successfully 
applied and removed by simple sedimentation. There are a number 
of instances where activated carbon has been applied in reservoirs 





* A Division of the West Va. Pulp and Paper Co. 
1 John R. Baylis, Elimination of Taste and Odor in Water—-McGraw- 
Hill Book Company—1935. 


ACTIVATED CARBON IN TASTE AND ODOR CONTROL 





without any coagulating aids and the carbon has been allowed to 
settle out of the water. :ven if this method of application is not 
practical, there is still the granular form which can be utilized 
in a filter system or packed between screens through which the 
water is passed. Granular activated carbon has also been em- 
ployed in bags, which are suspended at suitable points in the 
water system, whereby the water has an opportunity to come in 
fairly intimate contact with the carbon particles. However, ac- 
tivated carbon is most frequently applied in water systems where 
sand filters are available. 


The powdered carbon can be applied by means of either solu- 
tion feed or dry feed equipment. A survey made a few years ago 
showed that the most general feeding method employed was with 
dry feed equipment. Today practically every manufacturer of 
dry feed equipment has placed machines on the market that are 
specifically designed to feed activated carbon from minute quan- 
tities up to unusually large dosages. 


Points of Application 


No definite rules can be laid down for the proper point of 
application in order to secure optimum results. Conditions within 
the various water plants vary to so great an extent, from the 
viewpoint of equipment, design, types of water, types of pollu- 
tion, and intensity of tastes and odors, that the best means of 
determining the proper point of application seems to be by a 
trial and error method 


The above mentioned survey revealed that the point of appli- 
cation most commonly utilized is prior to, or during coagulation. 
When activated carbon is applied at this point. it has a longer 
time in contact with taste and odor producing substances, and also 
carriers through the basins giving a stabilizing effect on the 
sludge which settles out. Where tastes and odors are of a more 
serious nature or occur regularly, the application of activated 
carbon prior to sedimentation seems to be desirable. 


In some cases it has been found that greater efficiency in re- 
moval of tastes and odors is accomplished when the carbon is 
applied to the settled water entering the filters. Conditions, which 
would seem to justify this point of application, are mild tastes 
and odors; tastes and odors of a periodic nature, or severe tastes 
which come up quickly but are discovered in time to permit cor- 
rection at this point. Heavy dosages of carbon cannot be applied 
directly to the filters without adversely affecting the filter runs. 
Consequently, if high dosages of carbon are necessary to correct 
the taste and odor condition, it is advisable to apply the carbon 
prior to or during coagulation, or to utilize a split dosage; namely, 
both to the filter influent and to the raw water. 


Dosages and Costs of Treatment 


Because of the varying types and concentrations of taste and 
odor producing substances in water, it is impossible to predict 
the quantity of activated carbon necessary to correct an indi- 
vidual condition. Experiences have shown that dosages may vary 
from 1 Ib. per million gallons to as high as 2,000 Ibs. per million 
gallons. Extremely high dosages of activated carbons are usually 
required for only short durations of time and particularly on types 
of odors which are rather difficult to remove. Based on average 
taste and odor conditions, a dosage of 20 to 50 lbs. per million 
gallons is sufficient to insure delivery of palatable water. It has 
been calculated that the average cost of activated carbon would 
represent only approximately 3c per capita per year. 


Threshold Odor Test 


As a means of. determining the degree of palatability of a 
water, the threshold odor test was developed by Charles Spauld- 
ing of Springfield, Illinois. In this test odors are compared against 
odor-free water in such a way that a definite number, measuring 
the individual intensity, is secured. By means of the threshold 
odor test it is possible in water works practice to pre-determine 
fairly accurately the quantity of activated carbon necessary for 
treatment in order to furnish a palatable supply to the consumers. 
As a result many plants have adopted the threshold odor test as 
a routine method of procedure on samples of water taken through- 
out the entire plant. 


The threshold odor test has now been developed to such a 
point that with proper care and precision it can be utilized as a 
means of evaluating various activated carbons. Thus, with this 
method available, water works operators can assure themselves 
that they are purchasing that quality of activated carbon which 
will most economically remove tastes and odors from their in- 
dividual supply. 












THE ANTHRACITE EQUIPMENT CORP. 


19 Rector Street 


NEW YORK CITY, N. Y. 


H. G. Turner—Research Engineer—State College, Pa. 
ANTHRAFILT — an Improved Filter Medium 


Anthafilt and lis Application 

Anthrafilt is made from a selected Pensylvania anthracite 
which has been cleaned so as to have a minimum ash, This 
cleaned anthracite is then screened and classified hydrauli- 
cally to yield sizes suitable for filter purposes. 


Anthrafilt is used as a mechanical aggregate in place of 
sand and gravel in all kinds of filters, i.e. 


Slow filters 
Pressure filters 

Oil removal filters 
Alkali filters 

Acid filters 

Sewage sludge-beds 
Household filters 


Rapid gravity filters 

Swimming pool filters 

Hot process softening filters 

Cold process softening filters 

Mechanical sewage filters 

Revolving screen filters 

Portable filters 

The entire filter bed may be made up of Anthrafilt of 
various sizes or only the top layer may be of Anthrafilt over 
the usual bed of gravel. 


Advantages of Anthrafilt 


High Filtration Rate: 
with Anthrafilt without sacrifice of effluent quality. 
cepted average rate with sand is 125 mgad. 


Rates up to 200 mgad are obtainable 
The ac- 


Long Filter Runs: The larger, irregular Anthrafilt grains 
allow less clogging with algae or other fibrous substances. 
The angular grain surfaces provide greater entrapping areas 
for the removal of turbidity and bacteria. The differences 
in shape and specific gravity of the grains, by decreasing 
classification after back washing, allow the whole depth of 
the filter bed to be active in the filter operation. 


Low Wash Water Costs: 
quent less frequent washing and the low degree of packing 
after back washing combine to cut the usual wash water 


The long filter runs and conse- 


requirements at least in half. 


No Cementing with Lime, Manganese or Iron: Lime will 
coat on Anthrafilt but this coating readily flakes off without 
any cementing action if filters are properly operated. Man- 
ganese and iron salts precipitated on Anthrafilt by the lime 
treatment are easily removed by back washing. 


High Degree of Expansion: 50% expansion is obtained with 
half the back wash velocity required for sand. 


Coarse Sizes Can Be Used: The irregular shape and natural 
filtration characteristics permit the use of much larger sizes 
with equal results. 


Gravel Beds Stay Flat: No ridging or mounding and less 
cracking and pulling away from side walls during operation. 
Low First Cost: Lighter weight per unit volume balances 


the cost differential between Anthracite and sand and saves 
on freight and handling charges. 


Filtration Characteristics 


Anthracite granules are irregular shaped and of varying 
densities. Weights run about 53 pounds per cubic foot as 
against 100 pounds for sand. The irregular shapes provide 





greater porosity resulting in more rapid filtration with no 
loss in character of effluent and with considerably less loss 
of head. 


The variable densities of Anthrafilt particles cause less classi- 
fication after back washing and the lighter, irregular shapes 
allow easier expansion and more effective cleaning. 


The greater bulk of Anthrafilt requires less tonnage per 
filter bed. Attrition losses amount to less than 0.25% per year. 


Anthrafilt successfully removes lime, iron and manganese 
salts and will not form a permanent coating under proper 
conditions of treatment and filter operation. Lime flakes off 
easily without cementing and the iron and manganese salts 
are readily removed by back washing. Oil is easily removed 
from boiler water after coagulation with ferric sulphate, 
ferrous sulphate or alum. Anthrafilt can also be used for the 
filtration of acetic and sulphuric acids and caustic soda solu- 
tions. Being insoluble in alkaline waters, Anthrafilt produces 
silica-free water in hot process water softening. 

















Upward impulse of water produces greater itati f ul 


o, tJ 
grains, hence Anthrafilt beds are cleaned more effectively. 





Anthrafilt No. 1 is usually made in sizes ranging from effec- 
tive size of .60 m.m. to 80 m.m, the uniformity coefficient is 
less than 1.75 in all cases. We can make smaller sizes or 
larger sizes, but for special cases only. The remaining sizes 
of Anthrafilt are as follows: 


No. 2. Anthrafilt—3/32” x 3/16” 
No. 3. Anthrafilt—3/16” x 5/16” 
No. 4. Anthrafilt—5/16” x 9/16” 
No. 5. Anthrafilt—9/16” x 13/16” 
No. 6. Anthrafilt—13/16” x 1-5/8” 
No. 7. Anthrafilt—1-5/8” x 2-7/16” 


The above sizes have 20% tolerance. 


ANTHRAFILT ECONOMY 
When Used in Existing Filtration Plants 


Increased capacity with same plant 
Decreased volume of wash water 
Lower maintenance cost through 
mounding and air binding. 


elimination of ridging, 


When Used in New Filtration Plants 


Lower plant investment 
Lower cost per cubic yard 
Lower wash water costs 


Lower maintenance costs 











































HELLIGE 


INCORPORATED 
3718 NORTHERN BLVD., LONG ISLAND CITY, N.Y. 


EQUIPMENT FOR THE COLORIMETRIC ANALYSIS OF WATER, SEWAGE, AND 
INDUSTRIAL WASTES 


HELLIGE COLORIMETRIC COMPARATORS employ glass color 
standards which are non-fading, and therefore permanently. reliable. 
There is no doubt whether these standards are “still good”; there is NO 
GUESSWORK. Hellige glass color standards never fade or change, never 
fail. Being made of colored glass, which has, for other uses, maintained its 
color stability for ages, they are the only standards which can logically carry 
a lifetime guarantee of accuracy. Glass standards are economical: bought 
once, they serve for practically an unlimited period, and thus quickly pay for 
themselves by the saving in time, chemicals, replacement cost, and other 
expenses encountered in the use of liquid standards. The standards occupy 
a minimum of space, and are the easiest to manipulate. 
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The comparators, with which the glass standards are used, are unique in 
design, and offer more conveniences than any other similar testing outfits. 
The improved model of Hellige Aqua Tester is shown at the left. The in- 
clined construction for working in a natural sitting position, color fields in 
juxtaposition, and Nessler tubes with plano-parallel bottom plates are some features of this improved water tester. 

The three small illustrations show the Hellige Pocket Comparator. It is the handiest and smallest instrument 
ever brought on the market for accurate hydrogen ion measurements and water analysis. The durable corrosion- 
resistant housing holds all parts necessary for a test, as revealed by the left and right hand illustrations which show 
the comparator with front and rear covers opened. The size of the complete apparatus is only 334 x 334 x 1%”. 
For both comparators, glass color standards are available for all popular pH indicators, and for the determination 


of color of water, ammonia nitrogen, nitrate nitrogen, chlorine, iron, dissolved oxygen, manganese, lead, phosphate, 
silica, and sulphides. 





The HELLIGE TURBIDIMETER 


A Turbidimeter Without Standards for Water Analysis and Sulfate 
Determinations 


This apparatus is based on the 
comparison of the Tyndall effect on 
the test liquid with a beam of light 
passing through the same suspen- 
sion. Therefore, the use of stand- 













Illustrations show the observation fields: the one in the ard suspensions which are tedious 
center shows the balanced field, after the proper adjust- i i 

ment of the slit by means of the drum knob; the end to prepare, and do not retain their 
ones show the unbalanced fields. original value, is entirely overcome. 


The comparison fields are distinctly 
differentiated so that measurements can be made with utmost convenience, sim- 
plicity, and speed, and correct results are obtained by anybody without special 
training for this type of work. Tubes of different liquid depths are available 
for turbidity measurements from 0 to 150 p.p.m. Si0,, and sulfate determina- 
tions from 0 to 100 p.p.m. SO,. 





Write today for informative 28-page Bulletin No. 602. 
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Cable Address: “PERMUTIT" 


SALES OFFICES: 
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THE PERMUTIT COMPANY 


W orld’s Largest Manufacturer of Water Conditioning Equipment 


PERMUTIT COMPANY OF CANADA, LTD. 


Calgary, Alberta—Stanley Brock, Ltd., 523 8th Ave., West Winnipeg, Manitoba—Stanley Brock, Ltd., 145 Mkt. St., East 
Toronto, Ont.—S. A. McWilliams, Ltd., 60 Front Street, West Montreal, Quebec—C. Kirkland McLeod, 1449 Crescent St. 


330 West 42nd St., N. Y. C. 


PHILADELPHIA, PA., 34 South 17th St. 

PITTSBURGH, PA., 615 Dollar Savings & 
Trust Bldg. 

SAN FRANCISCO, CALIF., 74 New 
Montgomery St. 

ST. LOUIS, MO., 4064 Olive St. 

SYRACUSE, N. Y., 102 Rugby Road 

SEATTLE, WASH., 141! Fourth Ave. 











FASTER, MORE ECONOMICAL COLD LIME TREATMENT 
. . . WITH PERMUTIT'S NEW SPAULDING PRECIPITATOR 


This revolutionary new equipment removes hardness and suspended solids in a much 
shorter detention period, saves chemicals, takes only half the space of old-type plants. 
The raw water and chemicals are mixed in a compartment where they are agitated with 
the suspended sludge from previously treated water. This speeds precipitation. The 
water and precipitates then pass into the filter upflow compartment which has a grad- 
ually increasing cross-section. The gradually reduced velocity of upflow supports the 
sludge filter at uniform density throughout the filtering zone. A rate of flow is 
reached at which the sludge is no longer supported, but drops sharply out. The effluent 
is clear, and may not need further filtration. 





Permutit makes every type 
and size of water conditioning 
equipment. Here are a few: 





ZEOLITE WATER SOFTENERS 


In Permutit's pressure zeolite softeners, a 
single multi-port valve, operated automatically 
or manually, conducts the raw water into a 
shell, distributes it evenly through a bed of 
zeolite and collects it, the water flowing to 
service completely softened. The valve also 
controls res cos to clean the bed, regen- 
eration with brine, and rinsing. Gravity zeolite 
units are also available. 


WATER FILTERS 


Automatic and manual, 
gravity and pressure. 


IRON REMOVAL FILTERS 
FLOC FORMERS 
SWIMMING POOL EQUIPMENT 









WRITE FOR FREE BULLETINS: 





THE PERMUTIT COMPANY, DEPT. G1 
330 West 42nd St. New York, N. Y. 








WATER CONDITIONING HEADQUARTERS 


















































































REMOVAL OF IRON AND HARDNESS 





By DANIEL J. SAUNDERS 


The Permutit Company, New York, N. Y. 


The following describes some of the difficulties experienced in 
industry and in the home due to the presence of iron and hard- 
ness in water and, at the same time, outlines methods that can 
be employed to overcome such difficulties, under varying sets of 
conditions. 


When iron is present in a water supply in an amount greater 
than 0.3 p.p.m., it causes unsilghtly yellowish or black stains 
on bathroom fixtuses, gives a metallic taste to drinking water, 
reacts with other reagents used in dye houses, laundries, paper 
mills and tanners where, for example, it combines with tannin 
in leather and forms black iron tannate; deposits in Municipal 
distribution systems, thus not only increasing the friction through 
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the mains which increases pumping costs, but at sudden high 
rates of flow these deposits loosen iron rust itself which is de- 
livered to the users. Further, the growth of iron bacteria, such 
as Crenothrix, is also promoted by its presence. 

The type of treatment plant required to remove iron is deter- 
mined by a number of factors such as: character of the water 
(especially the factors interfering with oxidation reactions) 
engineering conditions and the purpose for which the water is 
to be used. 


Iron and Manganese Removal 


In general, iron (also manganese), can be removed from well 
waters by two methods: 
1—Oxidation to the insoluble higher oxides and hydrates fol- 
lowed by filtration. 
2—Removal by base exchange, by employing correctly selected 
base exchange zeolites. 
However, all waters and particularly surface supplies, do not 
respond readily to oxidation reactions. As just mentioned, there 
are interfering factors to be given consideration such as: 


Free Carbon Dioxide 


High amounts of free CO, or any acid will interfere with the 
oxidation reactions going to completion. Therefore, in such cases 
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thorough aeration, or addition of alkalis, or both, are necessary, 
The addition of only 0.14 p.p.m. of oxygen per 1 p.p.m. of iron 
is theoretically required in the normal oxidation reaction. This 
quantity is insufficient when free CO, or any acid is present, 


Low Total Solids 


With waters of this type usually, even though a thorough 
removal of the carbon dioxide is effected by efficient aeration, 
it is necessary to supplement that step in the treatment by addi- 
tional steps, as will be described later. 

a: ie | 


Organic Matter 4 


Iron or manganese present in organic combinations is not 
removed by simple aeration and filtration. Coagulants fed into 
floc forming aggitating devices to accelerate floc formation and 
sedimentation tanks or basins must precede the filters. 


Excessive Aeration 


This has been known to interfere with the complete removal 
of iron and especially manganese. In such cases, restricting the 
aeration, i.e., limiting the absorption of the oxygen to a fraction 
of saturation, gives better results. 


Types of Plants 


Waters Low in CO: and Relatively Low in Iron 
Responding Readily to Oxidation 


A small amount of air can be introduced by sniffling air into 
the suction side of the well pump for oxidation purposes. The 
well pump can then pump the oxidized water directly through 
either a single pressure filter or, to avoid frequent backwash- 
ings, through a coarse pressure filter followed by fine pressure 
filter direct to storage or use, thus making repumping unnecessary. 

However, where preferred, gravity filters can be employed. 
Air wash systems should be employed where their use is deemed 
advisable. 


Waters High in COz Requiring CO; Removal by Alkali Feed or 
Efficient Aeration Before Final Filtration 


In this case, the arrangement just described can be employed 
provided an alkali feed is installed to neutralize the CO,. How- 
ever, aS air is free, if the quantity of water being pumped is 
appreciable, an efficient type of aerator should be installed, prefer- 
ably either a coke tray type or degasifier bubbling type to insure 
exposing the water to the air in thin films or drops so that each 
particle of water contacts air low in CO, content. However, 
should the iron present in the raw water be very high, a sedi- 
mentation tank or basin may be required. 


Waters of Low pH Value That Do Not 
Respond Readily to Oxidation 

In such cases, following aeration, lime or soda ash is fed by 
means of a proportionating chemical feed to a sedimentation tank 
or basin (equipped with floc formers for aggitating purposes). 
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SLUDGE SPIDER 


Iron Removal System Providing Flocculation. 


Involving aeration, lime treatment, flocculation and clarification before filtration. 
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[ime is employed for the larger plants—soda ash for the 
smaller plants. Lime gives better results because it also has a 
coagulating effect. However, it also increases the hardness and 
as this is objectionable in many cases, soda ash is employed. 
The settled water is then pumped through filter equipment to 
either the mains direct or to storage and the mains. 


Waters Containing Iron in Organic Combinations 


The treatment suited to any given case of this kind will depend 
upon the type of organic compound present. The best treatment 
must be determined by experiments in the field and the laboratory. 
Further, the treating plant should be designed so that the pH 
values may be altered at will and also so that different coagulants 
may be added as required. 
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the hardness from 3 to 5 grains per U. S. gallon. Process No. 5 
will reduce the hardness to some figure below 1% grains per 
U. S. gallon, depending upon the character of the water, the 
chemicals employed, etc. 


Zeolite Process (Sodium Cycle) 


With this method the hardness is removed by base exchange; 
the calcium and magnesium being retained ty the zeolite while 
the corresponding sodium salts are found in the effluent. After 
the rated capacity of the zeolite to soften water to zero hardness 
has been exhausted, the softening capacity is restored by treating 
the zeolite with a solution of common salt. 


As this salt solution comes in contact with the zeolite, the 
calcium and magnesium is removed in 
the form of the soluble chlorides, and its 
original sodium content is restored. After 
flushing the chlorides of calcium and 
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magnesium, plus excess salt, to the drain, 
the zeolite is ready to soften a further 
equal quantity of the hard water. 
These alternate softening runs and re- 
generations can be repeated indefinitely, 


cessed zeolite is negligible. Therefore, the 
annual cost of replacing this zeolite is 
correspondingly low. The effluent from 
a zeolite water softening plant is prac- 
tically of zero hardness. As zero hard- 
ness water is either a requirement or at 
least desirable for most industrial pro- 
cesses, all of the water used in an 
industrial plant is usually passed through 
the zeolite plant. In the case of munici- 
pal zeolite plants, a zero hardness water 
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Combination Zeolite Softener and Manganese and Iron Removal Zeolite Units. 
Capable of producing iron free effluent of 4 to 5 grain hardness—favored in 


municipal installations. 


Obviously, this will mean equipment for feeding various chem- 
icals, sedimentation (and possibly double sedimentation) and 
filtration, plus chlorination. 


Waters of Low Iron Content Where Reduction in Iron 
Content Should Be Below 0.1! ppm. 


Manganese zeolite filters are most effective in the removal 
of iron where practically complete removal is desired for indus- 
trial purposes. Manganese zeolite consists of sodium zeolite 
treated by manganous chloride aud oxidized by sodium or potas- 
sium permanganate. The manganese zeolite proper acts as an 
active carrier and catalytic reagent. The oxides themselves do 
the work of iron removal. These oxides give up oxygen to the 
water for the necessary oxidation reactions. They are re-oxidized 
by passing permanganate solution through the bed. Approximately 
0.01 lb. of permanganate per thousand gallons is required for the 
average water. These filters are backwashed daily, but usually 
regenerated only at weekly intervals. 


Sodium zeolite of the natural type, provided it has been cor- 
rectly processed, or “Zeo-Karb” material, a carbonaceous zeolite, 
may be economically employed to remove iron and manganese by 
base exchange, at the same time that the zeolite is softening the 
water. When these types of zeolites are employed for iron and 
hardness removal by base exchange, the iron must be maintained 
in the ferrous form. Therefore,, well waters cannot be exposed 
to air before such zeolite treatment. The regeneration of units 
of this type is accomplished by the usual sodium chloride regen- 
eration employed in zeolite softening. 


Water Softening 


There are five methods of water softening in general use. These 
are: 

1. Zeolite Process—Sodium Cycle. 

2. Zeolite Process—Hydrogen Cycle. 

3. Cold Lime Soda Process. 

4. Combination Lime Zeolite Process. 

5. Hot Process. 
Processes Nos. 1, 2 and 4 will reduce the hardness of the water 
to practically zero. Process No. 3, depending on the way it is 
carried out and also the composition of the raw water, will reduce 


is not required. Therefore, in such cases, 
enough hard water is bypassed and 
mixed with the zeolite softened water to 
yield a mixed effluent of the desired de- 
gree of hardness. 

Zeolite water softeners are available to 
operate automatically through all cycles 
of operation by a combination of a motor 
driven multiport valve with electrical controls. Automatically, 
the equipment is cut out of service. backwashed, brined, rinsed 
and returned to service. About 90% of the more recent mu- 
nicipal zeolite water softening plants are of the automatic type. 


TO SERVICE 


Zeolite Process (Hydrogen Cycle) 


In this process of water softening, a carbonaceous type of zeo- 
lite is employed. It is of especial value in softening waters of 
a high bicarbonate content, as the bicarbonates, of sodium, cal- 
cium, or magnesium, are replaced by carbon dioxide and water ; 
the base being retained by the zeolite. 


The carbon dioxide may then be removed by passing the soft- 
ened water through a degasifier (bubbling) type of aerator. This 
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SECTION 
Section Through the Spaulding Precipitator. 


The treated water is mixed with sludge (center) and rises upwards 
through the sludge blanket to the surface overflow. 


process, therefore, in a very simple manner practically completely 
removes bicarbonates of all kinds. 

At the end of the softening run, the carbonaceous zeolite is 
regenerated by treating it with a dilute solution of sulfuric acid. 
This restores the hydrogen content of the zeolite and simultane- 
ously removes the bases in the form of soluble sulfates. These, 




















































































































































































































































































154 


plus the excess of acid, are then flushed out to the drain, after 
which the zeolite is ready for the next softening cycle. 


Cold Lime Soda Process 


In this process, as carried out in the conventional type of 
equipment, the raw water is treated with regulated dosages of 
lime and soda ash. The bulk of the hardness precipitated by these 
chemicals, is then settled out in a settling tank having a detention 
period of at least 4 hours. 

It is then either recarbonated and filtered or filtered and re- 
carbonated. As usually carried out, the effluent so produced has 
a hardness of 5 grains per gallon. 

In the relatively newer Spaulding Precipitator type of equip- 
ment, the treated water is brought into intimate contact with 
suspended sludge. This suspended sludge acts to produce a more 
stahle effluent in a much shorter period of time. 

In practice, it has been found that the Spaulding Precipitator 
requires only a one hour detention period and that the reduction 
of hardness is so complete that recartonation is either carried out 
to a very slight extent or eliminated. 


Combination Lime Zeolite Process 


In the combination lime zeolite process of water softening, 
the bicarbonate hardness is reduced by treatment with lime. 
The lime treated water is then recarbonated, filtered and then 
passed through zeolite water softeners. 

The net effect is that the lime treatment removes the bulk of 
the bicarbonate hardness and the subsequent zeolite treatment 
removes the non-carbonate hardness plus any residual bicarbonate 
hardness. In many cases, it has been found economical to employ 






this combination type of treatment because of the savings effectea 
in the lower cost for salt vs. soda ash required per 1,000 graing 
of hardness removed. 


For industrial processes or boiler water, all of the lime treated 
water is passed through the zeolite water softeners. Inciden- 
tally, when any water is used for boiler feed, it is important to 
give consideration to supplementary treatment so that the final 
reedwater will conform to modern power plant practice, as pre- 
scribed by the ASME. For municipal water supplies, only the 
requisite portion of lime treated water, required to produce a 4 
to 5 grain per gallon hardness in the mixed effluent, is shunted 
through the zeolite water softening equipment and again joins 
the lime softened portion. 


Hot Lime Soda Process 


The hot lime soda process of water softening is carried out 
by adding carefully regulated dosages of lime, soda ash and/or 
other chemicals to the raw water, after heating it to a temperature 
at or near the boiling point. Since the high temperatures employed 
speed up the chemical reactions, a detention or settling period of 
only one hour is required. (This statement indicates the value 
of the Spaulding Precipitator which requires no heat input.) 


The settled water is then filtered through filter beds of non- 
siliceous material. Depending on the excesses of chemicals used, 
the hardness of the effluent varies from as low as 1% grain per 
gallon down to a fraction of a grain. As this process must be 
carried out hot, its application is obviously practically limited 
to the production of boiler feed waters. 

* The content of this article is in part derived from a paper read 


by the author before the Michigan Section of A.W.W.A. and Michigan 
Conference on Water Purfication meeting jointly. 








By DON CALDERWOOD, Engr. 
Pennichuck Water Works Co. 
Nashua, N. H. 


F you have had trouble with chlorine hydrate—usually called 
chlorine ice—forming in your chlorinator, you may be in- 
terested in hearing how we solved this problem. 


A few years ago we purchased a Wallace & Tiernan type 
MCVM chlorinator. The following winter we experienced our 
first real trouble with so-called chlorine ice. We built a wooden 
box over the bell jar and put electric lights in it; we tried a 
unit from a sun bowl heater inside the standard under the tray ; 
and then a combination of both. These gave results after a 
fashion but did not do a real workmanlike job—so after three 
or four seasons of makeshift operation we set out to find a 
permanent solution to the problem. 


We purchased a 1,500 watt immersion heater with a three 
heat switch giving us 500, 1,000, or 1,500 watts as needed. We 
then took a piece of 24% inch pipe about 10 inches long, screwed 
a cap on one end, a reducing coupling on the other, and into the 
reducing coupling we screwed the 1,500 watt heater. We next 
tapped into the cap and coupling for % inch copper tubing and 
after fastening the assembled unit to the chlorinator we discon- 
nected the water supply line to the tray and with copper tubing 
made new connections so that all the water going into the tray 
first passed through the heating unit. To eliminate the possibility 
of forgetting to turn the heat either on or off, we purchased a 
pressure switch and connected it to the water supply line in such 
a way that it automatically turns the current for the heating unit 
on when we turn on the water supply to the chlorinator, and 
also turns it off when the water pressure is shut off. 


This scheme worked perfectly for about three winters and 
then a ground started to show on our switchboard. We traced 
it to the heater and found that in our zeal for efficiency and in 
our desire to utilize all the heat available we installed the heater 
with the electric connections pointing down. During the humid 
summer weather condensation from the outside of the pipe had 
run down on the electric connections finally causing the ground. 
We have now reversed the unit, putting the heater in from the 
top and expect no more trouble. We find that low heat, or 500 


SOLVING CHLORINE ICE TROUBLE 






























Our First Heater 
(With Automatic Cut-off.) 


watts, is all the current we need to use except for a few days 
during the coldest part of the winter. 

This heating unit worked so well that we decided to put one on 
the chlorinator in our other station even though we use that 
station very little in the cold weather. This chlorinator was an 
older model and did not have a separate valve and line for the 
tray water supply, so we connected the heater similar to the 
other installation but conveyed the warm weather from the heater 
directly over the top and into the tray. The water supply was 
adjusted so that the water flowing through the heater and into 
the tray was just a little less than the required amount, the 
remainder being supplied in the usual way through the float valve 
in the tray supply line. Here are pictures of the original upside- 
down job and the trouble free improved job on the second 
chlorinator. 
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GRAVER PRODUCTS 


WATER SOFTENERS _ 
STEEL STORAGE TANKS - 


FILTRATION SYSTEMS 
VAPOR CONSERVATION EQUIPMENT ~ 


= CLARIFIERS - SEWAGE EQUIPMENT 


FABRICATED STEEL AND 


NON-CORROSIVE PLATE 


PRESSURE FILTERS 


Graver Pressure Filters, either vertical or horizontal type, built in 
any size to meet your individual requirements, consist of a pres- 
sure tank containing the filtering material and piping for deliver- 
ing unfiltered water to the top of the bed and discharging the 
clear, filtered water from the bottom. Arrangement is made to 
reverse the flow at a rate sufficient to wash the filter bed, the 
rate of backwash being between 12 and 15 gallons per square 


foot of filter area per minute. 


The thousands of Graver Pressure Filters in use today have dem- 
onstrated their exceptional efficiency as well as their low enst of 


operation and maintenance. 


ZEOLITE WATER SOFTENERS 


Graver Zeolite Water Softeners are the result of more than thirty 
years’ experience in the design and manufacture of water condi- 
tioning equipment of all types. They provide an efficient, eco- 
nomical means of removing such impurities as calcium, mag- 
nesium, iron, manganese, etc., from water used for municipal, 
industrial, and institutional purposes. Their high efficiency, to- 
gether with low operating and maintenance costs, are responsible 


for their widespread popularity. 





HOT PROCESS WATER SOFTENERS 


The Graver Hot Process Water Softener is designed to condition 
water used for the stationary boiler plant. It serves a dual pur- 
pose—it softens, heats and deaerates raw water make-up, and it 
heats and deaerates condensate returns. 


The equipment is provided with individual chemical feeds and 
proportioners for the feeding of lime and soda ash for softening 
of the raw make-up water; sodium sulphate feeder for the cor- 
rection of sulphate carbonate ratio in accordance with the 
A.S.M.E. code requirements; sodium sulphite feeding and pro- 
portioning equipment for removing the last trace of free oxygen 
from the water entering the boiler plant; and phosphate feeding 
equipment for the treating of water inside the boiler drum for 
removal of residual hardness remaining in the boiler water. 


Equipment of this type covers every phase of treatment of both 
raw make-up water and condensate return, providing positive 
protection for boilers operating at extremely high pressures. 


SWIMMING POOL EQUIPMENT 


Broad experience in the water conditioning field has enabled 
Graver to develop complete swimming pool equipment to meet 
the most rigid requirements. The results obtained with Graver 
equipment in both indoor and outdoor pools prove that it is 
properly designed to produce the desired results efficiently and 
economically. 


OTHER GRAVER PRODUCTS FOR THE CONDITIONING OF WATE 
AND TREATMENT OF SEWAGE | 


Aerators Proportioning Equipment 


Chemical Feeders Digestors 


Clarifiers Gas Holders 
Chlorinators 
Filters Thickeners 


Filtering Material 


Heaters Activated Sludge Plants 


Swimming Pool Equipment 


Vent Condensers 


Biological Filter Plants 
Chemical Treatment Plants 
Sewage Reactivator Plants 
Reactivator Clarifiers 
Reactivator Softeners 
Zeolite Softeners 


Hot Process Softeners 


If you have a water conditioning or sewage treatment 


problem, consult Graver. There’s no cost or obligation. 









































































Jy PROPORTIONEERS, Inc. % 


“EMERGENCY CHEMICAL-FEEDER HEADQUARTERS” 
9 NO. CODDING STREET, PROVIDENCE, R. I. 






Representatives in Principal Cities 
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Fig. 1—Small “Tailor Made” Blitz Buggy 


| %Proportioneers% BLITZ BUGGY or Separate Units Are the Answer 
to Your Emergency Needs 
New Bulletin EMM, available upon request, shows in 


Blitz Buggy de- 


oe 


signed with. a complete assortment of sterilizing 
and pumping units for all emergency services. 
Many are detachable for use “‘on location” while 
trailer goes on to other danger points. The smaller 
model Blitz Buggy, suitable for smaller communi- 
ties, is shown in Fig. 1. 


Bulletin EMM also describes individual units you 
can buy to make your own emergency truck or 
trailer outfit: Dual Drive (electric motor-gasoline 
engine) Portable unit (Fig. 2) which fits into trunk 
of car; Meter controlled Main Sterilizer ; One-Man 
portable all-hydraulic Chlor-O-Feeder; or the 
complete Pur-O-  , ; ee ee — 
Pumper unit as 
supplied to the 
armed forces for 
pumping, filter- 
ing, and steriliz- 
ing—a complete 
water supply for 
temporary serv- 
ice. Write for a 
copy of Bulletin 
EMM. 





Fig. 2—Portable Chlor-O-Feeder 


























PRODUCTS — Single or Multiple Chemical Feeders for 
water and sewage plants, the military, and industry ; and 
engineering service on proportioning problems. Feeders 
are of positive-displacement solution-feed type. For con- 
stant rate or proportional feed with mechanical or 
hydraulic operation. Chemical solutions handled with 
“See-Thru” transparent plastic reagent end construction 
include: Sodium or calcium hypo-chlorite, aqua ammonia, 
soda ash, alum, ferric chloride, ferric sulphate, calgon, 
sodium aluminate, copper sulphate, sodium hydroxide, 
dilute acids, etc. Other construction for concentrated Sul- 
phuric acid and hard to handle chemica's. “Name your 
poison” and we will feed it !! 


Chlor-O-Feeders in Water Works Service for 
Sterilization (Hypo-Chlorinators) —- Midget Chlor- 
O-Feeders (diaphragm or piston type for low or high 
pressures) for pumped water supplies are the most de- 
pendable and least expensive, most accurate and least 
complicated feeders available for chlorination of up to 
1% million gallons per day. The Chlor-O-Feeder is 
small, easily and quickly adjustable to various feeding 
rates; driven by electric motors or belt driven from 
water pump. Installation is simple with aid of our com- 
plete instruction manual. 





Proportional Chlor-O-Feeders for Gravity Water 
Systems — For many conditions, especially in gravity 
systems from reservoirs, where flow rates vary consider- 
ably from hour to hour, it is essential that the Chlor-O- 
l‘eeder be controlled by the flow of water so that the 
amount of solution injected is at all times in proportion. 
Proportional Chlor-O-Feeder can be mounted on and 
controlled by any flow-responsive device ; standard water 
meter of any size or type; flow-responsive rotor ; Venturi 
tube ; orifice plate or even the reciprocating parts of deep- 
well pumps can be used to “pull the trigger” that sets off 
the chlorinating discharge. This Chlor-O-Feeder can be 
operated at any point where the water line can be cut to 
allow installation of meter. It can be operated entirely 
by water pressure, so does not require expense of wiring. 
Operation is simple, not needing expert attendants. 


Calgon Feeding and pH Control—pH control by pro- 
portioning lime, soda ash, sodium silicate, sulphuric or 
other acids, is made simple by the use of these flow-pro- 
portional chemical feeders. Highly successful installa- 
tions, designed by leading engineers, are providing 
permanent relief from plugged and corroded pipe lines. 
The growing use of Calgon in water works corrosion 
control finds frequent use of Calgon-Feeder for feeding 
sodium hexametaphosphate. 














IRON REMOVAL—SMALL SYSTEMS 


By H. E. LORDLEY, Plant Manager 


Department of Public Utilities, Richmond, Virginia 


N THE country today we have excellent large water purification 
I plants with competent engineers and operators, yet in number 
these plants represent only a very sma!l percentage of our water 
supplies. Thousands of small supplies having only a deep-well- 
pump and storage tank challenge the water works engineer with 
problems that must be solved with limited expenditures and 
with unski.led operating personnel. Of the many problems, eco- 
nomical methods of iron removal are of major interest. 


Forms of lron 


Iron may occur in water either as organic iron, inorganic iron 
or a combination of both types. Ferrous bicarbonate is one 
common inorganic form of iron occurring in many supplies. Iron 
in combination with humic acid or other complex organic com- 
pounds may be classified as organic iron, and is usually found 
in wells located in swampy areas. It requires only a few sim- 
ple tests, that anyone can run, even without laboratory facilities, 
to determine the type iron. Collect a sample and allow it to 
stand exposed to the air. Inorganic iron will precipate, leaving 
the sample cloudy. On the other hand, organic iron fails to 
precipitate and the problem of removal is more complex thereby. 


Methods of Removal 


Methods of removal may be classified as (1) Direct Chemical 
Reaction, (2) Coagulation, (3) Special Filters. 

Under No. 1 we have aeration as the most economical method. 
Aeration requires only 0.14 parts of air per part of iron when 
carbon dioxide is not present. The iron is oxidized to insoluble 
ferric iron which precipitates and settles to the bottom of a 
tank or is removed by a standard sand filter. Frequently, this 
small amount of air can be introduced by some form of air pump 
or “sniffer” attached to the well pump. (2) In an open system 
a tray aerator followed by sand filtration removes the iron. 
Organic iron is combined chemically so that such a simple treat- 
ment will not break down the organic bond. 

The second method involving direct 
chemical reactions utilizes chlorine for 
the oxidation of the iron instead of 
aeration. In addition, the chlorine treat- 
ment removes any troublesome sulfuretted 
hydrogen often found in conjunction with 
iron, and produces a sterile water having 
a definite residual chlorine. This is a 
cheap method since solutions of “Per- 
chloron” or “H.T.H.’ are convenient 
sources of chlorine and can be applied to 
small supplies without difficulty. 

Causitc Soda removes iron from water 
by raising the pH to range 8.0-10.0. At 
the high pH the oxidized iron precepi- 
tates as ferric hydroxide and is removed 
by settling or filtration. This treatment 
also has the advantage of removing free 
carbon dioxide and protects the system 
from corrosion. 

Potassium permanganate has been used 
(3) to oxidize organic iron by first at- 
tacking the organic compound and allow- 
ing the iron to precipitate as hydrous 
ferric oxide or a combination of ferric 
iron and organic matter. 

In this discussion of direct chemical 
methods, none of these suggested meth- 
ods removed organic iron with any degree 
of success so that we use the old standby, 
coagulation with alum. Organic iron 
occurs in a colloidal state with humic 
acid, cellulose, and other end products of 
plant decomposition. Alum coagulation 
followed by filtration will remove this 
form of iron. 





Control Panel 
Time Switch, Magnetic Starter and 
Pressure Switch. 


Contact Beds 


Special filters, the third classification, are excellent in many 
cases and are very easy to operate. These filters are standard 
pressure filters, having a material of the same general character- 
istics of filter sand but impregnated with the higher oxides of 
manganese (MnO; Mn:.O;). Water supplied to the filter must 
have an oxygen content equal to 15% of the soluble iron content 
for the oxidation process. The iron in the presence of oxygen 
and by the catalytic action of the manganese, is converted to 
insoluble iron and is removed by the filtering material. In back- 
washing, the precipitated iron is washed out and the filter is 
ready for use without regeneration. Occasionally the sand is 
treated with sodium permanganate to aid the catalytic action of 
the manganese. Even these filters fail to remove organic iron in 
some cases and should be installed only after analyses and 
surveys indicate that such contact materials will remove the iron. 

Ordinary sodium zeolite filters will remove iron by exchange 
as shown by the following reaction: 

NaeZ+MnO :Mn.0:;+4Fe(HCO;)2==NaZ+3MnO.+Fe.0;,+ 
8CO.+4H.0 
There are some plants that use one set of two of these filters 
to soften the water and another similar set to remove iron and 
manganese. Many different materials have been used in fi'ters, 
from pyrolusite to coal, and new materials are coming into use 
in this very promising approach to iron removal each year. 


A Case at Point 


With this introductory discussion as a basis, several plants 
designed by Mr. M. C. Smith and the author will illustrate the 
practical application of these methods. The City of Richmond 
operates a deep water freight terminal below the City which has 
a domestic water supply from a 280 foot drilled well. Shortly 
after opening the terminal the domestic water developed bad 
tastes and odors and also deposited an iron stain on all the fix- 





Double Duty Chloro Feeder 
With 40-gal. crock of caustic soda and 
hypochlorite solution. 
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tures. Samples direct from the well and from the distribution 
system had the following analysis: 


From 
AtWell Mains 
UE giales daca op bal x amie ine ae hehe cea 6.0 6.4 
3 I eee Pe os waa teenlk aoe e Se 41 31 
I sl Ne dae 40 65 
RS ee ei ce ee 6 27 
ID recta ack a ds cestdin wtp OA eR eo lee aoa 1.5 3.0 
Ae riirng sens i apd a a olee Bele vale CL eon keer es 10.0 8.0 
ER a Ee eee Pete OR aN, RO em SA ye Present None 


When the samples were first collected the water was clear but 
after standing a few hours it became cloudy and indicated in- 
organic iron. After a few jar tests this theory was proved by 
the ease of oxidation with any of the direct chemical methods. 
Finally a combination treatment using both chlorine and caustic 
soda was selected for the job for the following reasons: 


(1) The treatment removed ferrous iron in a heavy floc with- 
out the expense of aeration. 


(2) Eliminated carbon dioxide and prevented corrosion. 
(3) Eliminated sulfuretted hydrogen. 
(4) Sterilized the water and gave a residual chlorine. 


; (5) The two solutions could be mixed in the same crock and 
fed through one feeder. 


Elevated Tank as Settling Basin 


The City had appropriated only $500 for the job, so we were 
forced to use the elevated tank as a settling basin and purchase 
only a heavy-duty Proportioneer’s feeder, 40 gallon crock, time 
switch and a few lengths of pipe. The 30,000 gallon storage 
tank was of conventional design with a short riser pipe within 
the 36” standpipe. This short riser-pipe was extended to about 
five feet above the bottom of the tank as shown in the accom- 
panying sketch. Of course, this reduced the avai'able water 
storage but furnished a settling basin in the bottom of the tank 
for the sludge, which settled so rapidly and completely that no 
filter was necessary. 


In this system, as is true of other small supplies, little or no 
water was used after 9 p. m. so a time switch was adjusted to 
start both the pump and chemical feeder simultaneously at that 
time. This program a!'so prevented untreated water from going 
into the system. A mercoid pressure switch in series with the 
time switch controlled the elevation of water in the tank. In this 
case the pump only operates a short time each night so the floc 
all settles before the draw comes on at 7 a. m., and gives a 
clear supernatant for consumption. About once a week the drain 
valve at the bottom of the standpipe is opened to remove the 
sludge from the tank. 

The operating personnel could give the system only a weekly 
inspection and the chemical solutions were difficult to prepare in 
such a short time. However, in most cities some company man- 
ufactures liquid bleach and has a regular delivery system. In 
producing bleach 20% caustic soda is treated with chlorine to 
give a 15% available chlorine solution. In this case, the dealer 
delivered both 20% caustic soda and bleach direct to our 40 
gallon crock. As the result the operators at the terminal did 
not have to prepare any solutions. In addition, the treatment 
was constant and the danger of inexperienced men handling 
chemicals was eliminated. 


Results 


After a few adjustments and flushing of the system, the 
water was of excellent quality and could be used for all domes- 
tic purposes. Table 2 reveals the gratifying results with this 
treatment as evidenced by samples taken from the piping system. 


Table 2 
Dose. Caustic Soda 200 pmg. (100% NaOH) Chlorine 8.34 pmg.* 
(Before (After 
Treatment) Treatment) 
Ne Rene eh hires Sen hie alas in caine ate 6.4 9.0 
RE i Ne oe) aig inte. so nabteed 31 0 
oh a urmaGaie woo sors e's 65 110 
OS Ge | RRS Prints seen gaenne pamen anne 0 7 
Eat ee ee ee eee 27 10 
WE? Wate ess FE Ce Pe PI eae ee eo 3.2 0.60 
Boon Ne Aca a das nate cell ee Pind c/a eis 10 0.01 
OE: We itn rN Alar a BO oe nue Wer erdiiasg scare gu aiwie Present None 


*pmg pounds per million gallons. 
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Sketch of Converted Tank 
Reveals simple changes made in extending the riser pipe and 
adding a tee to provide the shaded sludge separation zone. 
Accumulated but sterilized iron sludge is blown off systematically 
at the bottom of the original riser pipe. 


Another Case 


Never take iron for granted, for sometimes you realize that 
nature cares nothing for the theories of mankind. 

Take for example a 284 ft. deep well only five miles from 
the above supply. Table 3 reveals the characteristics of its 


water. 
Table 3 
(Well No. 2) 

NB tar eh eo cana achlaih'y Wao Mae es Bee 7a 
MN ch Ne ct oot sa aciile xs: aielavaitcdlad wid-Slen teewees 9 
BR Sao ins egal ale grb albed alenodens 136 
OS a oligos ie Anas oper tts aks 28 
MIR ie 2 5 se Gh ssinsg adiin eh 4 Epi ook aca ona TA 1.5 
Rae aS ee eee enn ear ante A 3.0 
eee ee ee RRR ole Re Present 


We expected this water to respond to the same treatment but 
after a series of jar tests we found that the iron was in the 
organic form and required an elaborate filter plant with chlori- 
nation, alum coagulation, settling, filtration and pH correction 
to give the same quality effluent as produced by the simple 
chlorination, alkalinization and settling plant. Only three miles 
from this supply another deep well needed only chlorination and 
settling in our special tank to give an excellent water, so you 
never know about the fallacies of water until an actual study is 
made of its amenability to a given treatment. 


References 
(1) Negus, Sidney S., ‘“‘The Physio‘ogical Aspects of Mineral 
Salts in Public Water Supplies.”” J.A.W.W.A. 30:242 (Feb. 1938). 
(2) Taylor, D. R., ‘“‘That Air Sniffer.’’ W.W. & S. 88:352 (August 
1941. (Also page 74 of this Section.) 
(3) McCrea, T. R., ‘‘Removal of Organic Bound Iron from 
Highly Colored Water.’’ J.A.W.W.A. 25:931 (July 1933). 
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ENSLOW CONTINUOUS STABILITY INDICATOR 


By ROBERT S. PHILLIPS, Chief Chemist 


Water and Sewerage Department, Durham, North Carolina 


UR laboratory, like many another throughout the country, 

was extremely interested in the “Convention-Floor” inven- 
tion of Linn H. Enslow, editor of WATER WorKs AND SEWER- 
AGE, which has come to be known as the Enslow Continuous 
Stability Indicator or Enslow Stabilizer. This instrument, 
streamlining the so-called “Marble Test,” seemed to be the 
answer to the water works operator’s need for a practical short- 
cut to determine the proper treatment to attain the equi-ibrium 
point of finished waters. With certain modifications, explained 
later in this article, this instrument has been, and is, able to 
accomplish all its inventor originally hoped for. 

Following publication’ of early designs, we constructed a Sta- 
bilizer similar to that suggested. We soon discovered, however, 
that fine Calcium Carbonate did not behave according to our 
preconceived notions. Explained simply: if water velocities in 
the Stabilizer were high enough to suspend the chalk, fine Cal- 
cium Carbonate would carry over into the Stabilizer effluent, 
if velocities were low enough to obtain a clear effluent, “packing” 
and consequent short-circuiting of the chalk resulted. 

The problem, therefore, was one of finding a closed device 
which could be added to the system and which would provide an 
adequate contact period with the fine calcium carbonate without 
sweeping over chalk. In other words, a container was needed 
which would provide for both high and low water velocities 
under constant flow conditions. A conical vessel, having a rela- 
tively small cross-sectional area at its vertex and a large area 
at its base, would solve the problem, it was thought, if the water 
was introduced at the vertex. This idea was based on the same 
principle as that of the Spaulding Precipitator, and was sug- 
gested by one of our Durham chemists, now Captain L. A. 
Lubow, U. S. Army. For experiment a separatory funnel of 
500 mls. capacity was employed with success. Here the relative 
water velocities, base to vertex, were approximately 75 to 1. 
Later a two-liter cone-shaped device was made available by one 
of the laboratory supply houses. We have continued to use the 
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FIGURE 2. EN'SLOW STABILIZER USED AT 
OURHEA?I,71.C. 











Fig. 1—The Original Enslow Stability Indicator to Which the 
Durham “Contactor” Has Been Added 


two-liter cone since 
that time and have 
tentatively named it 
the “Contactor.”** 


The “Contactor” 
provides intimate 
contact with fine 
precipitated chalk; 
high velocities at 
the vertex cause a 
moderate expansion 
of the entire mass 
of chalk, allowing 
the water in its up- 
ward travel, under 
decreasing velocity 
to “filter-through” ; 
and the effluent 
from the “contac- 
tor” is substantially 
clarified, leaving 
only a small 
amount of fine ma- 
terial to be filtered 
or plated out by 
the coarse marble 
chips later. See 
Fig. 1. 


Results of 
Operation 


Our Continuous 
Stability Indicator 
withtheabove 
modification has 
been in operation 
since February, 
1940. During that 
period daily sam- 
ples have been taken 
at two widely separated points on the distribution system, and 
compared analytically with samples from the Stabilizer and with 
the finished water pumped from the treatment plant. One point 
of sampling is our open elevated storage reservoir, where treated 
water is retained for an average of one week. The other is at an 
extreme end of the distribution system, where water use is rela- 
tively small. Admittedly these two points represent conditions at 
which sustained stabilization is most difficult. 

Table No. 1 shows the results of a year and a half operation 
and the average monthly figures in both alkalinity and pH of 
the water at various points. The figures on total alkalinity indi- 
cate that the water was in equilibrium and that it did not tend 
to dissolve or deposit calcium carbonate. In other words, within 
the limit of accuracy of tests, the water was well-stabilized 
when treated according to indications given by the Enslow Sta- 
bility Indicator. 

It will be noted that the pH of the Stabilizer effluent is lower 
than that of the treated or tap water, although the alkalinity will 
be the same. This is believed to be due to the fact that small 
amounts of gases, such as COs, are dissolved in Stabilizer effluent 
while dripping into the container. For this reason, we disregard 
the pH readings on the Stabilizer effluent and treat, instead, to 
maintain a final treated water alkalinity equal to that shown by 
the Stabilizer effluent. 





Fig. 2—The Improved Enslow Stability 
Indicator in Service 


Enslow Index vs. Langlier Index 


Since 1937 we have been determining the Saturation Index by 
the Langlier Formula’. For comparative purposes I have included 
a column labeled “Langlier pHs,” which is a monthly average of 
the Langlier pH of saturation. It indicates that on an average 
the pH of saturation indicated by the Stabilizer is somewhat 
lower than that calculated by Langlier formula. 

In the early fall of 1940 an interesting change took place 
which illustrates the practicability of the Continuous Stability 


**Phipps and Bird, Inc., Richmond, Virginia, now manufactures 
an Enslow Stabilizer which includes the Durham “Contactor.” 
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Indicator. We had been taking untreated water from one source 
which was practically identical in characteristics to that of an- 
other source. The only apparent difference was one of carbon- 
dfoxide content and a depressed pH. A change was made from 
one source to the other. No alteration in coagulant dosages was 
required, yet the following changes occurred in the Stabilizer 
Effluent overnight. 


Raw Water Raw Water 

No. 1 No. 2 

9-23-40 9-24-40 
Turbidity, ppm. 65 
Alkalinity, ppm. 14 
MN os, ixvekdcabetceniak 6 
pH : 6.7 
Stabilizer Eff. pH . 8.8 
Stabilizer Eff. Alkalinity, ppm 21 


It must be admitted that considerable changes of this magni- 
tude could not have been foreseen or predicted by any other 
simple method. 


Some Notes on Operation 


The total water capacity of the Stabilizer used at Durham is 
3230 mls. exclusive of the volume occupied by the chalk and 
am chips. The capacity of each part individually is as fol- 
ows: 


EE ee ee 


Each of the twin tubes contains about two and one-half pounds 
of marble chips. The “Contactor” contains approximately 200 
gms. precipitated calcium carbonate. The latter is introduced 
into the “Contactor” mixed with 500 mls. water. The cone is 
filled completely with additional water and the mass allowed to 
settle thoroughly before placing into operation. 


_ The normal operating rate is 25-35 mls. per minute, resulting 
in a contact period of approximately two hours. The “Con- 
tactor” alone provides nearly two-thirds of the total time. It is 
very important that the rate shall not ever materially exceed 
the upper limit, otherwise the purpose of the “Contactor” will 
be defeated by carrying over fine calcium carbonate into the 
effluent. A slower rate is satisfactory and for some waters the 
longer contact period may prove an advantage. 


TABLE NO. 1 
MONTHLY AVERAGES 


pH —Alkalinity as CaCO; ppm.— 
End_ Enslow End 

Stabil- Distri- Stabil- Distri- 

izer Langlier Reser- bution  izer Reser- bution 

1940 pHs pHs voir , voir System 


March 9.0 9.0 ‘ 9.0 
April 9.1 8.9 9.1 
May 7 9. J 8.9 
June ’ 3 . 8.6 
July ’ : 6 8.5 
August m 

September 
October 
November 
December 
1941 
January 
February 
March 
April 

May 

June 

July 
August 





Enslow 


go 
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{2 90 90 90 
Onn 


go IO © 
> CO tt tt 


go 90 DD OOO 
wCororr 


92 ¢ 
ne 


Average ; 8.91 


a. No samples taken. 


It is advisable to mount the Stabilizer in a place out of direct 
sunlight to avoid the possibility of microscopic growths. 

Occasionally it will be found desirable to clean the entire sys- 
tem and introduce new calcium carbonate into the “Contactor.” 
A dilute solution of Hydrochloric Acid followed immediately by 
a thorough rinsing with water seems to accomplish the desired 
result quickly and efficiently. 

After placing the Indicator in operation it will be found that 
some of the extremely fine (almost colloidal) chalk will be 
swept over for the first day or two. After this the effluent clears 
entirely, the colloidized chalk, if any, plating out on the marble 
chips. 


References 


1. “The Continuous Stability Indicator,’ Linn H. Enslow, 


“Water Works and Sewerage, 86:107 (1939). 


2. “The Analytical Control of Anti-Corrosion Water Treat- 
ment.” W. F. Langlier, Journal A.W.W.A. 28:1500 (1936). 





CORROSIVITY INDICATOR 


HE accompanying sketch pictures a very effective piece of equipment devised 

and employed by Hall Laboratores, Inc., to study and demonstrate the efficacy 
of various treatments applied to waters for corrosion or scaling control. 

The scheme involves passage of the water under treatment, for comparison, 
The effluents leaving the wool contact 


upwards through clean, bright steel-wool. 
chamber drips through clean glass beads. 


The rapidity and relative intensity with which the steel rusts and the beads become 
iron-stained constitute a convincing semi-quantitative index of corrosivity. For greater 
exactness in comparison samples of effluent from the steel corrosive chamber are 


analyzed for iron, oxygen, etc. 


It is evident that this apparatus can be employed with lead wool, copper-sponge, 
A battery of as many units as 
The device has considerable resemblance to the Enslow 


etc., to study action on these and other materials. 
required may be set up. 
Carboneous Stability Indicator. 
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REPRESENTATIVES 
Atlanta, Ga.—W. D. Taulman, 175 Spring St., S. W. 
Detroit, Mich.——Wm. A. DaLee, Inc., 4835 Woodward 
Hawaii—aAlan Duvall, Box 33, Honolulu 
Los Angeles—Chas. P. Crowley, 609 S. Anderson 
Louisville, Ky.—-R. M. Overstreet, 1317 S. 4th St. 
New York City—Triangle Equipment Co., 50 Church St. 
Philadelphia, Pa.—Alan A. Wood, 2045 N. Broad St. 
Toronto, Ontario—Control & Metering, 454 King St. West 
Brazil—Oscar Taves & Co., Box 840, Rio de Janeiro 
Colombia—MacDonald & Peterson, Ltd., 502 Banco de la Republica, 

Bagota. 

Argeatine—Fiere Co.—Paseo Salon 285—Buenos Aires 


GRAVIMETRIC FEEDER AND SLAKER 


ey 






A size No. 1 Gravimetric 
Feeder with 2,000 Ib. hop- 
per and mechanical opera- 
tion recorder is illustrated 
mounted over a Lime 
Slaker. Slaker sizes range 
from 175 Ibs. to 6,000 Ibs. 
per hour. 


In this type Gravimetric 
Feeder the entire hopper 
load of chemical is car- 
ried on the scales which 
control the rate of feed. 
Errors cannot be cumu- 
lative. 











BELT TYPE GRAVIMETRIC FEEDER 


Weighs the material as it is 
fed on a short section of con- 
veyor belt which is mounted 
on accurate scales. These 
feeders may be connected 
directly to large overhead 
storage bins if desired. 





Accurate feeding range is 
from 5 Ibs. to 3,000 Ibs. per 
hour. A totalizer shows the 
number of pounds of mate- 
| ial that have passed through 
| the feeder. 





UNIVERSAL FEEDER 


Rugged, accurate Volumetric Feed- 
ers. Designed to be used with ex- 
tension hoppers or with overhead 
storage bins. 


The No. 3 size Universal Feeder 
illustrated has a lead lined mixing 
chamber and motor driven, stain- 
less steel agitator for dissolving 
Ferrisul. The water supply to the 
mixing chamber is measured by a 
Rotometer. Separate valves are 
used to regulate and to shut off 
the water supply. 


OMEGA MACHINE CO. 


3409 E. 18th St., Kansas City, Mo. 


EQUIPMENT 


For Dry Material 


Batch type Gravimetric Feeders 

Belt type Gravimetric Feeders 

Weighcheck Feeders 

Universal Volumetric Feeders 

Lo-Head Feeders 

Disk Feeders 

Dust Removers and Filters 

Combined Bucket Elevators & 
Feeders 


For Liquids 
Precision Feeders 
Rotodip Feeders 
Proportioning Pumps 
Laboratory Stirrers 
Lime Slakers 
High Speed Agitators 
Slow Speed Agitators 
Automatic Proportional Control 


LO-HEAD FEEDER 

















Large hopper capacity 
with only 45” filling 
height. Rates of feed from 
1 to 200 lbs. per hour. 
Cabinet type illustrated 
with feeding and driving 
mechanisms completely 
enclosed in separate com- 
partments. 


Any Omega feeder may 
be equipped with the dust 
remover and filter illus- 
trated. The filter may be 
connected to several ma- 
chines to remove dust in- 
cident to filling the hop- 
pers with carbon, lime, 
etc. 


PRECISION FEEDER 





The most accurate and simplest type of 
feeder for solutions or light suspensions. 
Rate of feed is set by a dial to desired 
percentage of maximum rate. Feeding 
capacities range from 1/25 to 400 gallons 
per hour. Electric or spring motor drive. 


Tanks may be equipped with dissolving 
baskets and agitators for dissolving lump 
material. Tank sizes 25 to 400 gallons. 


ROTODIP METER 





For feeding from large supply 
tanks which may be located at a 
distance from the feeder. Feed- 
ing range 1 to 800 gallons per 
hour. Galvanized, rubber cov- 
ered or plain steel construction. 
Variable speed drive gives an 
infinite number of speed changes 
from zero to maximum rate. 


LABORATORY STIRRER 





For jar tests, to 
determine prop- 
er coagulant or 
carbon dosages. 
Also ball mill or 
tumbler type for 
agitating mate- 
rial in closed 
vessels, for 
threshold treat- 
ment tests. 
























































































































WILSON CHEMICAL FEEDERS, INC. 


Manufacturers of PULSAFEEDERS for Hypo-Chlorination of Water 
BUFFALO, NEW YORK 








HOW PULSAFEEDER WORKS 


The extreme simplicity of operation of the PULSAFEEDER is illus- 
trated at the right. 

The re-agent head primarily consists of a piston operating in a 
chamber which contains a flexible diaphragm, completely surrounded 
by an inert liquid. As the piston travels forward in the chamber the 
liquid causes the diaphragm to change shape, as is shown in Drawing 
“B”. The diaphragm completely houses or isolates the chemical 
solution being pumped, and therefore there is no contact with moving 
or operating parts. Inasmuch as equal pressures exist throughout, 
there is no possibility of rupture. Preforming or reinforcement of the 
diaphragm is unnecessary. Reciprocation of the piston causes pumpage 
of the chemical solution. 

Volume control is provided by a micrometric stroke length control, 
the average size PULSAFEEDER having over one thousand settings 
with an increment of adjustment of .0277 of a millimeter. Sizes range 
in capacity from a minimum of 1 cc to 360 gal. per hour. 
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Types of “PULSAFEEDERS” | 


The various types use electric motor, gasoline 
engine, water or air motor drives, and are con- 
trolled by water meters of all types. Semi-auto- 
matic, manually adjustable, and fully automatic 
hypo-chlorinators are available. Single, duplex, 
triplex and quadruplex manually controlled feed- 
ers are pictured at the left; fully automatics, as 
shown at the right, can be had in multi-feeders for 
two or more chemical solutions. There is a 
PULSAFEEDER to give perfect results, whether 
the installation is a gravity water supply, pumped 
supply or a swimming pool. 


—— 


TYPE DES _ Manually Controlled 


*““*PULSAFEEDERS” 


Type DES: For use with pumped water supplies. 
Automatic proportioner when cross-connected to 
throw-out switch of water pump. Bulletin DE-201. 


Type DBS: Same as DES arranged for belt drive. 
Bulletin DB-16. 


Type DED: Duplex feeder similar to DES, ordi- 
narily used with ammonia and chlorine solutions 
for chloramination. Each pump separately adjust- 
able. Bulletin DE-202. 
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Type DET (Triplex), DEQ (Quadruplex): All pur- 
pose swimming pool chemical feeder. Feeds chlor- 
ine, the sterilizer; alum, the coagulant; soda ash, 
r - : the pH adjuster, and ammonia for chloramination. 
Each unit separately adjustable. Bulletin DE-203. 


TYPE MC-DS 






- 


TYPE DED 


Automatic “PULSAFEEDERS” 


Type MC-DS: Fully automatic hypo-chlorinator 
for gravity water supplies. Water motor powered 
and meter controlled. Guaranteed as accurate as 
the meter. Bulletin MC-20. 











Type MC-DES: Fully automatic proportioning 
type. Electric motor drive and control by any 
mechanical water meter. Bulletin DE-206. 





a i 1 Type MC-DS-SM: For automatic or semi-auto- 
TYPES DET, DEQ matic use. Water motor drive. Bulletin DE-204. 






































CHLORINATION EQUIPMENT FOR EMERGENCY USE 


By HARRY A. FABER, Research Chemist 
The Chlorine Institute, Inc., New York, N. Y. 


HE purpose of this paper is to provide specific information 
regarding material and equipment which is available for or 
which may be adapted to emergency chlorination of water supplies. 
Normal treatment and distribution of a safe water supply is 
subject to interruption by acts of nature or of man. It has been 
pointed out (1) that because a public water supply is essential 
both for domestic needs and for fire fighting, water department 
authorities have a definite responsibility to provide equipment 
which will insure the minimum interruption of water service. 
During the past few years, experience has demonstrated not 
only the necessity of continual vigilance under normal conditions 
of operation but the necessity of being prepared to meet abnormal 
conditions of operation. Chlorination is recognized as a neces- 
sary factor of safety in the normal treatment of water supplies. It 
is equally essential that provision be made in time of emergency 
to insure the delivery of water disinfected by chlorination. 


The experience of those who already have gained familiarity 
with this problem provides the best basis for development of any 
new program. Descriptions of those procedures demonstrated to 
be effective warrant careful study. Papers by Arnold? and by 
Devendorf* report a variety of experiences with emergency chlo- 
rination measures. These were adopted to treat public water sup- 
plies contaminated under conditions of normal operation. Papers 
by Gledhill and McCaulis* and by MacKenzie’ describe the de- 
velopment of successful disinfection procedures for combating 
pollution resulting from fracture of water mains by high explo- 
sive bombs. 

In order to perfect a clear plan of action, it is necessary to 
determine the requirements of each supply and each situation. 
Experience shows this can best be accomplished by providing 
three essentials: The man, the material, and the machine. 


The Man 


Prompt and effective emergency chlorination can be no better 
than the personnel which has been made responsible for the job. 
General rules of procedure cannot be laid down for all muncipali- 
ties, or all supplies, or all emergencies. Rather, the plan devel- 
oped must be based on the conditions which obtain in each locality. 

Authority should be delegated to a compe- 
tent member of every water supply organi- 
zation to survey the local situation. His 
survey should include a study of each po- 
tential weakness in the normal operation of 
water chlorination. This is no time to place 
dependence upon inadequate or obsolete 
chlorinating equipment. This is no time to 
lack duplicate chlorinating units or spare 
parts necessary to uninterrupted operation. 
This is no time to lack the protection of 
secondary chlorination at points where re- 
conatmination is possible; at storage reser- 
voirs, floating reservoirs, and distribution 
reservoirs. 

Under abnormal conditions a water depart- 
ment may find itself called upon to supply 
much more than the normal quantity of 
water, either because of wastage from broken 
mains or in order that fire fighting can be 
carried on effectively. Chlorinating equip- 
ment must be ample in capacity to disinfect 
increased volumes of water required by these 
causes. 

Under emergency conditions, special port- 
able or mobile units may be required either 
to disinfect contaminated sections of a dis- 
tribution system or to treat a separate emer- 
gency supply. The survey should consider 
each of these contingencies because, while ab- 
normal, they are certainly potential occur- 
rences. 

When this survey is completed it will re- 
veal the strength and weakness of the local 
situation; where chlorination is necessary, 


This paper, presented at the Toronto Con- 
vention of the A.W.W.A., in 1941, is here 
reproduced by permission of the Association. 


where it is provided, and where additional. or emergency chlorina- 
tion may be required. This survey, however, represents only the 
recognition of the situation. 

The second step, therefore, is to provide the indicated total 
protection to the best possible degree. In the case of a small 
water system, only minor provisions may be required, while in 
the case of an extensive system many weaknesses may require 
correction. There will probably be no better time than the present 
to secure funds for providing new equipment. 

Finally, a detailed plan of procedure should be worked out and 
put in written form. Each chlorinating unit and each point of 
chlorine application is a point of potential disinfection falure; 
therefore, the detailed plan should indicate as simply as possible 
exactly what procedure is to be followed in the event of such 
failure. If a duplicate unit is to be substituted, if an emergency 
unit is to be provided, if the chlorine dose is to be increased else- 
where, that instruction should be clearly stated. 

The individual who has studied the entire situation and who 
has drawn up the detailed plan of procedure, would then be the 
logical man to whom full authority should be delegated. Only 
when complete responsibility is given to one individual will 
prompt and decisive action be forthcoming. This is necessary 
also because the chlorination authority must co-operate with those 
responsible for other phases of emergency procedure. The pro- 
gram of emergency chlorination must be integrated with the 
entire program of plant operation, distribution system repair, 
and emergency sources of supply. 

Such a precautionary program is applicable, irrespective of 
the size or number of employees of the water system. Only when 
one individual is given responsibility and adequate precautionary 
measures have been provided can criticism be forestalled, excessive 
emergency expenses be prevented, and the well-meaning but often 
dangerous efforts of incompetent individuals or organizations be 
discouraged. 


The Material 


Liquid Chlorine 


The assured availability of liquid chlorine for disinfection of 
water supplies has been reviewed (6). In the event of emer- 





Wallace & Tiernan’s Newest Mobile Emergency and Utility Chlorinating Umit 
Carries two cylinders of chlorine and gasoline engine driven injector water pump, all 
necessary tools and especially designed chlorinator of high flexibility. 
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gency, it is not probable that large additional amounts of chlorine 
will be required; instead, different points of application would be 
utilized. 

However, the proposed plan of emergency procedure should 
include a survey of listing of emergency sources of chlorine sup- 
ply. Nearby sewage treatment plants, swimming pools, laundries, 
or industrial plants should be contacted, and the potential emer- 
gency supply of liquid chlorine available from such sources should 
be determined. 


Hypochlorites 


Many small water treatment plants regularly use calcium hypo- 
chlorite for disinfection. This chlorine compound provides an 
excellent source of emergency chlorine for even the largest 
plants. The modern calcium hypochlorites contain 70% availab!e 
chlorine, and are generally supplied in drums containing 100 
pounds and in cans containing 5 pounds of the dry material. 


Two such hypochlorites are available in the United States: 
“HTH,” manufactured by the Matheison Alkali Works, and 
“Perchloron,” manufactured by the Pennsylvania Salt Mfg. Co. 
In Canada there is one such hypochlorite: “Maxoclor,”’ manu- 
factured by Canadian Industries, Ltd. Each producer has avail- 
able a booklet which provides useful information on the prepara- 
tion and feeding of hypochlorite solutions. 

This material may also be available through local distributors 
who supply laundries, industrial users, swimming pools, and other 
consumers. Each of these sources should be surveyed as a 
potential source of supply when facilities are provided to feed 
hypochlorites. 

These hypochlorites are stable over a long period of time, if 
stored in a cool dry location. When dissolved in water the re- 
sulting hypochlorite solutions are corrosive to common materials, 
hence suitable equipment must be available to feed these solutions, 


Other Chlorine Compounds 


So-called “bleaching powder” or “chloride of lime” is available 
from local distributors in many localities. This material generally 
contains about 35% of available chlorine when fresh, but is not 
stable over a long period of time. Local sources should be in- 
vestigated, however, if emergency equipment for feeding hypo- 
chlorite solutions is provided. Limited amounts of this material 
may also be found in drug, grocery, hardware, or poultry supply 
stores in one pound cans. 


Sodium hypochlorite solution, usually containing about 15% 
of available chlorine, is obtainable through local jobbers in some 
localities. This solution may be purchased in 5 gallon carboys. 
Frequently small producers of household bleaching solution used 
this material, or make it from caustic soda and liquid chlorine, 
and market it under a wide variety of trade names in grocery 
stores. As sold, the household solution is usually very dilute, 
ranging from 3% to 5% available chlorine. It might be used in 
an emergency to provide very small amounts of chlorine. 


The Machine 


Chlorinators 


Standard chlorinating apparatus is not an unusually heavy piecc 
of equipment. The units regularly employed in water purification 
may be readily transported in emergency to varoius points of need. 





Proportioneers’ Hypochlorite Feeder 
Designed for general utility and emergency 


use this model of “Chlor-O-Feeder’” is 
equipped for electric drive (1/6th H.P. mo- 
tor) and engine drive (4 H.P.) 









The Wilson ‘ 
This pumping type, feeder employs the prin- 
ciple of hydraulic “squeezing” of the elastic 
pulsating tube passing through the com- 


‘Pulsafeeder” 


pression chamber seen at ubper right. The 

piston stroke determines the degree of the 

tube squeeze and feed rate, up to 75 gals. 
per hour for this particular model. 


Chlorinator manufacturers are best able to designate the type 
of equipment most suitable for particular uses. There are two 
manufacturers of chlorinators: Wallace and Tiernan Co, New- 
ark, N. J., and Everson Manufacturing Co., Chicago, Ill. They 
offer standard chlorinators suitable for various types of installa- 
tions and for a wide range of dosage requirements. 


Wallace and Tiernan Co. is experienced in the design and con- 
struction of mobile chlorinating units, using standard vacuum 
chlorinators, and has assisted in the design of other such units 
which were assembled and mounted by the customers. This 
company offers a stock model portable chlorinator, suitable for 
either direct or solution feed, which is especially applicable for 
main sterilization. The outfit is mounted in two compact cabi- 
nets, and is adaptable to a variety of uses. In addition, a new 
mobile trailer unit has been designed, completely equipped with a 
chlorinator, two cylinders of chlorine, and a self-powered pump. 
One of the newest of these units was on exhibition at the Toronto 
Convention of A.W.W.A. and is here pictured. It is a unit of 
considerable flexibility and its range of capacity is large. 


Pumps for Feeding Hypochlorite Solution 


Small pumps, which operate on a variety of principles, are 
available to feed hypochlorite solutions for disinfection. They are 
constructed of resistant material and have proven thoroughly sat- 
isfactory in service. Again in this case, the manufacturers will 
be most competent in designating the type of equipment best suited 
to each purpose. The units are suitable for continuous, emergency, 
or special chlorinating purposes and may be either manually con- 
trolled, operate automatically at a fixed dose, or provide a dose 
directly proportional to water flow. 


The two types of this equipment best known in the water treat- 
ment field are those manufactured by Proportioneers, Inc., and 
by Wallace and Tiernan Co. 


Proportioneers, Inc., Providence, R. I., offers a wide variety 
of such pumps under the name of “Chlor-O-Feeders.” These 
range in capacity from 85 to 240 gallons per day maximum de- 
livery. They operate by electric power, belt drive, waterpower, 
compressed air, or by power from a gasoline engine. In addition, 
duplex, triplex, and combinations up to 5 units can be provided 
with a capacity of 180 gallons per day for each pump. In addition, 
this firm also manufactures the “Pur-O- Pumper” unit, consist- 
ing of pump, filter, and hypochlorite feeder. It is powered with 
a gasoline engine, ana therefore is a self-contained unit for pro- 
ducing filtered and chlorinated water. 


Wallace and Tiernan Co., Inc., Newark, N. J., offers several 
models of a hypochlorite pump feeding a maximum of 60 gallons 
per day. These “Hypochlorinators” operate by electric power, belt 
drive, water power, or by power from a gasoline engine. Duplex 
pumping units are also provided in this equipment. Self-contained 
units, consisting of pump and hypochlorinator or of pump, filter, 
and hypochlorinator, are also available. 











Other manufacturers offering a more limited variety of hypo- 
chlorite pumping units are: 

Omega Machine Co., Kansas City, Mo. One model, electric or 
water power, 400 g.p.d. maximum capacity. 

Everson Manufacturing Co., Chicago, Ill. One model, electric 
power, 24 g.p.d. maximum capacity. 

Milton Roy Pumps, Philadelphia, Pa. Simplex model, electric 
power, 432 g.p.d. maximum capacity; duplex model 864 g.p.d. 
maximum capacity. 

Wilson Chemical Feeders, Inc., Buffalo, N. Y. Five models of 
“Pylsafeeders” operated on electric or water power, standard 
capacity 96 g.p.d., and others. 

The Hills-McCanna Co. of Chicago also produce pump type 
chemical feeders, especially suitable for injecting solutions against 
high pressures. 


Hypochlorite Feeders Other Than Pumps 


Omega Machine Co., Kansas City, Mo., offers a “Precision” 
feeder to deliver hypochlorite solution against zero back pres- 
sure or to a pump suction. This device consists of a solution 
tank from which the discharge rate is controlled by electric motor, 
spring operated clock drive, water motor, or by any reciprocating 
or rotating shaft. Maximum capacity is given as 192 g.p.d. 

Phipps and Bird, Inc., Richmond, Va, offers a hypochlorite 
solution feeder, operating by either gravity or electric power, to 
deliver against back pressures of zero or up to 60 pounds. Maxi- 
mum capacity is given as 45 g.p.d. 

C. W. Sirch, Los Angeles, Calif., offers a “Paradox” feeder 
for hypochlorite solution, which operates by pressure differential 
between two points in the water main. Discharge rate is over a 
large range. 


Home Made Hypochlorite Feeders 


For temporary application of hypochlorite solution under emer- 
gency conditions, a variety of other feeding devices can be pressed 
into service. They should, however, be considered for temporary 
use only. 

In emergency, any dry feed machine may be used to feed dry 
hypochlorites into a solution box, and the solution may be dis- 
charged by gravity or pumped to the required point of applica- 
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tion. Only the 70 per cent calcium hypochlorite can be fed in such 
manner. Even this material is slightly hygroscopic and corrosive 
upon exposure to moist atmospheres; therefore, dry feed applica- 
tion must be limited to short periods of use only when no other 
equipment can be provided. 

Several types of gravity or pump suction feeders can be made 
to serve during an emergency when no standard solution feed 
dev:ce can be provided, though their accuracy and dependability 
can never compare with equipment designed for this purpose. 
Hypochlorite solutions are corrosive to common metals, and parts 
used must be of suitably resistant materails such as glass, wood, 
rubber hose, hard rubber fittings, etc. 

Hypochlorite solutions can be applied against pressure by using 
an injector. The pressure differential between the injector feed 
and discharge should preferably be 5 to 1 and must be at least 
3 to 1 in order to obtain satisfactory operation. 

Residual Chlorine Testing Equipment 


Proper control of chlorine dosage will usually be dependent 
upon the maintenance of a desired chlorine residual. Testing out- 
fits are available both for the residual range covered in ordinary 
disinfection and for that which may be necessary in emergency 
chlorination. 

For chlorine residuals of 0.1 p.p.m. to 1.0 p.p.m., outfits are 
offered by: La Motte Chemical Products Co., Baltimore, Md.; 
Proportioneers, Inc., Providence, R. I.; Rascher & Betzold, Inc., 
Chicago, Ill., and W. A. Taylor & Co., Inc., Baltimore, Md. 

For chlorine residuals of 0.1 p.p.m. to 2.0 p.p.m., outfits are 
offered by: Hellige, Inc., Long Island City, N. Y., and by Wal- 
lace & Tiernan, Inc., Newark, N. J. 

For chlorine residuals of 0.2 p.p.m. to 8.0 p.pm., an outfit is 
offered by W. A. Taylor & Co., Inc, Baltimore, Md. 

For higher chlorine residuals, outfits ordinarily used in testing 
bleaching or sterilizing solutions are offered by: Diversey Corp., 
Chicago, Ill. (100 p.p.m. maximum); Hellige, Inc., Long Island 
City, N. Y. (250 p.p.m. maximum); La Motte Chemical Prod- 
ucts Co., Baltimore, Md. (100 p.p.m. maximum) ; The Mathieson 
Alkali Works, Inc., New York, N. Y. (220 p.pm. maximum) ; 
Rascher & Betzold, Inc., Chicago, Ill. (220 p.p.m. maximum) ; 
W. A. Taylor & Co., Inc , Baltimore, Md. (250 p.p.m. maximum). 
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The Omega Hypochlorite Feeder 


Pictured installed on standard wall bracket. The 15 gallon stoneware solution crock 
is equipped with a liquid metering gauge. 
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PENNSYLVANIA SALT MANUFACTURING COMPANY 





1047 WIDENER BUILDING, PHILADELPHIA, PA. 





NEW YORK ¢ CHICAGO e ST. LOUIS 
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e@ LIQUID CHLORINE 


A clean amber - colored 
liquid about one and one- 
half times as heavy as 
water. Supplied in steel 
containers which are under 
pressure at temperatures 
above 30.1° F. It is only 
slightly soluble in water, its 
maximum solubility in dis- 
tilled water being about 1% 
at 49.2° F. When pressure 
is released, liquid chlorine 
volatilizes into a greenish- 
yellow gas which is about 
two and one-half times as 
heavy as air. It is non-in- 
flammable, non - explosive, 
and a non-conductor of 
electricity. Generally, in the 
absence of moisture it is 
not corrosive to common 
metals at temperatures be- 
low 212° F. Moist chlorine 
or aqueous solutions of 


chlorine require special 
equipment materials for 
handling. 





Chlorine has been proved to 
be the most efficient, flexible 
and economical agent for ster- 
ilizing water supplies; and it 
is also used as a sludge stabil- 
izer, a taste and odor elimi- 
nator, a precipitating aid, and, 
in sewage treatment, for disin- 
fection, for B.O.D. reduction 
and odor control. The quantity 
of chlorine required in water 
purification and sewage treat- 
ment processes depends upon 
the quality of water, the point 
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Operating Diagram of the 
Chlorine Fractionating 
Column 

. Refrigerating Coil 

. Condensing purified chlorine 

. Purified chlorine outlet 

. Bubble cap 

Downtake for reflux 

. Tray or plate 

Raw chlorine inlet 

Chloroform vapors 

. Chloroform and dissolved impuri- 
ties 

. Steam inlet 

- Heating jacket 

. Condensed water 

- Drain for impurities 
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of application, and the object desired. Penn Salt Liquid 
Chlorine is particularly adapted for such processes be- 
cause of its high purity and freedom from objectionable 
“taffy” or chlorine gum, achieved by means of the spe- 
cially designed Penn Salt fractionating column which 
eliminates practically all harmful impurities from the 
chlorine. 


This Liquid Chlorine is supplied in seamless steel cylin- 
ders in sizes ranging from 10-lb. net to 150-Ib. net. 
They comply with requirements of the Interstate Com- 
merce Commission concerning specifications, retesting, 
loading, maintenance. Liquid Chlorine is also shipped 
in multiple-unit tank cars holding 15 containers of one 
ton each, and in single-unit tank cars of two sizes, 
32,000 and 60,000-Ib. respectively. The care with which 
all Pennsylvania Salt packages are cleaned and double- 
checked, coupled with the quality of Penn Salt Liquid 
Chlorine, assure maximum safety and convenience in 
chlorinator operation. 


@ PERCHLORON 


Perchloron is a high strength calcium hypochlorite, 
having a guaranteed active ingredient of not less than 
70% calcium hypochlorite or available chlorine. It is 
its labeled 


under 


free flowing, concentrated and retains 


strength for one year or more normal 
storage conditions. It weighs approximately 52.5 pounds 
per cubic foot. It is composed of finely divided particles, 
all of which will pass a 20 mesh screen and be retained 
on a 65 mesh screen. It is quickly soluble in water, and 
is useful as a second line of defense for water purifica- 
tion in cases of emergency, when supplies of liquid 
chlorine may be temporarily cut off. Perchloron is also 
used for sterilizing new mains, as well as clear wells 
and filters; valuable for sewage treatment, too. Many 
leading swimming pools sanitize their water with 
Perchloron, use it to combat slime and algae growths, 
and to control athlete’s foot by means of trays and 
spraying locker and washrooms. Perchloron is supplied 
in handy-sized cans equipped with Kork-N-Seal covers, 


9—5-lb. cans to the case. Also in 100-Ib. drums. 















































@ AMMONIA, Anhydrous 


A colorless liquid which at 70° F. is 0.61 times as heavy 
as water, and weighs 38.0 lb. per cubic foot. When 
pressure is released, it volatilizes to a colorless gas of 
penetrating odor, which is 0.597 times as heavy as air 
at standard conditions. Dry ammonia is not corrosive 
to the common metals, but moist ammonia attacks 
copper and all its alloys, hence iron pipe and fittings are 
always recommended. Ammonia is exceedingly soluble 
in water. At 32° F., 1150 volumes of ammonia will 
dissolve in 1 volume of water, or 47.3% by weight. 


This characteristic of ammonia is utilized in the dry 
feed ammoniators in water works. It is also useful in 
the chloramine process, in which ammonia is applied 
along with chlorine to prevent the formation of chlori- 
nous, phenolic or medicinal tastes ; and for stabilizing or 
prolonging the sterilizing action of chlorine. Ratios of 
ammonia to chlorine varying from 1:1 to 1:12 have 
been effective, with points of application ranging over 
the entire purification process. To prevent taste intensi- 
fication, the ammonia must be applied before the 
chlorine. 


Pennsylvania Salt Anhydrous Ammonia is supplied in 
special improved cylinders of seamless drawn steel 
which are light, strong and easy to handle and store. 
Gas may be withdrawn either with a cylinder standing 
upright on a scale for weighing, or with the cylinder 
lying horizontal, whichever is most convenient. 


@ FILTER ALUM (Sulphate of Alumina) 


This product is the principal coagulant used in water 
purification; and Penn Salt Filter Alum has been 
adopted by many water works superintendents and 
engineers. Available in any quantity from a single bag 
or barrel to carload lots. Bags and barrels are paper 
lined as a protection against atmospheric moisture. 
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@ FERRIC CHLORIDE 


In liquid form it is an aqueous solution, the concentra- 
tion of which is governed by the outside temperature 
and varies from 39% FeCl, in extremely cold weather 
to 45% in extremely hot weather. Pennsylvania Salt 
also supplies ferric chloride in an anhydrous form which 
is water-free and as near to 100% FeCl, as is permitted 
by impurities in the steel scrap from which it is made. 
Ferric chloride is a positive coagulant, producing clean- 
cut flocculation in economical doses. In most communi- 
ties, depending upon shipping costs, ferric chloride 
offers vast savings over alum. The aqueous solution is 
shipped in rubber-lined tank cars holding 8,000 gallons 
and averaging 40,000 Ib. of dissolved FeCl, per car. 
Anhydrous ferric chloride is shipped in non-returnable 
steel drums, 150 and 400 Ib. sizes. 





@ SODIUM ALUMINATE 


An alkaline compound of alumina and caustic soda, used 
both for softening water and as a combined coagulant 
and softener. Most effective in water requiring an alkali 
with the alum. Shipped in thin steel non-returnable 
drums, net weight 100 and 400 Ib. each; and in 100-Ib. 


moisture-proof burlap bags. 


@ SODA ASH 
CHLORIDE OF LIME, and 
CAUSTIC SODA 


are among the other chemicals made by Pennsylvania 


Salt and used in water purification and sewage treat- 
ment. Ask us for detailed information and expert tech- 


nical assistance. 












































WALLACE & TIERNAN CO., INC. 


Manufacturers of Chlorine and Ammonia Control Apparatus, 
Dry Chemical Feed Devices, Ete. 


NEWARK, N. J. 
“The Only Safe Water Is a Sterilized Water’’ 


REPRESENTED IN 


Detroit 
Greensboro 
Houston 
Indianapolis 
Jacksonville 


Charlotte 
Chicago 
Cleveland 
Columbus 
Dallas 
Denver 


Abilene 
Albany 
Atlanta 
Boston 
Bridgeport 
Buffalo 


WALLACE & TIERNAN, Ltd., Toronto, Canada 
WALLACE & TIERNAN, Ltd., Winnipeg, Canada 


Kansas City 
Knoxville 
Lexington 
Los Angeles 
Madison 


San Francisco 
Seattle 

Spokane 

St. Louis 
Syracuse 
Washington, D. C. 


Minneapolis 
Oklahoma City 
Omaha 
Philadelphia 
Pittsburgh 
Roanoke 


WALLACE & TIERNAN, Ltd., Montreal, Canada 
WALLACE & TIERNAN, Ltd., London, England 





CHLORINATION FOR SAFETY 


Continuous treatment 
by chlorine is the one 
almost 


method now 


universally used for 

protecting public water 

supplies from disease bac- 
Wallace & Tiernan 
this pur- 
pose now safeguards over 
85% of America’s public 


teria. 
equipment for 


W&T Chlorination Trailer for self- 

powered protection in the case of 

emergencies requiring chlorination at 
any point in the system. 


water supply. For permanent installations, W&T “‘Vis- 
ible Vacuum’ Chlorinators furnish closely controlled so- 
lution feed over a wide capacity range, with either man- 
ual or automatic regulation of the application rate. For 
smalls water supplies, W&T Hypochlorinators assure 
safety with simplicity and low cost. 

For emergncy use, the Wallace & Tier- 

nan Chlorination Trailer is self-pow- 

ered. Designed for use at any point in 
the water system, this unit is particu- 
larly applicable to main steriliza‘ion, 
secondary chlorination of open reser- 
voirs, in case of pollution from cross 
connections, in fact and 
whenever chlorination may be required. 


wherever 


Also available for use at any point in 
the system is the new W&T Portable 
Chlorinator which provides for com- 
pensated solution feed. Both of these 
units have been designed in accordance 
with information on English experi- 
ence, as well as consultation with Amer- _ wer “Visible Vac- 
umn” Chlorinator 
for automatié pro- 
portioning of chlo- 
rine to the flow of 
water. A compan- 
ion unit with man- 


ual control is also 
available. 


ican military and civilian defense au- 
thorities. 


HYPOCHLORINATOR 

Some chemicals, such as hypochlorites, 
are available in stable solution and present problems in 
dry feed which make it most desirable to apply them in 
The W&T Hypochlorinator is designed 
to feed such solutions as sterilizing agents, coagulants or 
corrosion inhibitors with accuracy and dependability. 


solution form. 


TASTE AND ODOR CONTROL 


Modern water treatment methods such as “break- 

point” chlorination and chlorine-ammonia (chlora- 

mine) treatment not only raise health protection 

standards but act to overcome taste and odor trou- 

bles due to algae, industrial wastes, and the like, thus 
furnishing a water that is more palatable as well as 
completely safe. 


APPLICATION OF DRY CHEMICALS 


Wallace & Tiernan produces several types 
of dry chemical feeders for uniform, wide- 
range feed of such powdered chemicals 
as alum, lime, soda ash, carbon, etc. This 


dry chemical application has become par- 


W&T MOF Dry 
Chemical Feeder 
provides wide- 
range feed of 
various pow- 
dered chemicals. 


ticularly valuable, and is used extensively, 


in both sanitary and industrial water 


works. 


W&T TECHNICAL SERVICE 


For any water treatment problem Wallace & Tiernan 
representatives can provide competent technical assist- 
ance. These representatives will be glad to review your 


problem and make recommendations without obligation. 


HELPFUL FREE BULLETINS 


Technical bulletins avail- 
able from W&T give com- 
plete specifications on each 
type of Chlorinator and 
other W&T equipment. 

Also available is current 
literature on the many 
phases of chlorination, am- 
moniation and dry or so- 
lution feed of chemicals. 


W&T Hypochlorinator for treatment 
of small water supplies is economical 
and simple to operate. 
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Jy. PROPORTIONEERS, Inc. 
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“EMERGENCY-CHEMICAL-FEEDER HEADQUARTERS” s 
9 NO. CODDING STREET, PROVIDENCE, R. I. 4 


Representatives in Principal Cities 


Raw Sewage Conditioning using Ferric Chloride and 
Lime can be controlled in proportion to variable 
flows thru the Venturi Tube, or over a Weir, meas- 
aring the influent. Ferr-O-Feeder can handle con- 
rentrated 43% ferric chloride or any dilutions; also 
ferrous salts and 
practically any other 
chemicals needed in 
sewage plants. 
Sludge Dewatering 
— Sludge dewater- 
ing plants using 
gacuum filters, must 
automatically con- 
trol coagulant ad- 
ministered. A Ferr- 
O-Feeder, used as 
an adjunct to the 
vacuum filter, meas- 
ures ferric chloride 
and delivers it under 
pressure to proper point of application in mixing 
chamber. Ferr-O-Feeder not only accurately meas- 
ures corrosive liquids but, due to positive displace- 
ment method, can deliver the chemical remotely to 
upper floors of the plant—wherever the filters and 
dewatering equipment may be located. This elim- 
inates the need of additional rubber lined pumps for 
lifting or moving ferric chloride from storage to 
point of use. Ferric feeder is controlled by cross con- 
nection to sewage pumps; to drive motors of vacuum 
filters; or by belt or chain and sprocket connection 
to bucket elevators (see Fig. 3). 


Fig. 1—Standard Ferr-O-Feeder 


Chlor-O-Feeders for Odor ‘Abatement—Hypo-Chlorite ster- 
ilization of sewage effluent (Fig. 5) is widely practiced in 
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Fig. 3—Installation Diagram Ferric Chloride Feeder Controlled ; 
Bucket Elevator 


Chem-O-Cabinet is a single unit for 
permanent installation or for port- 
able emergency operation, a unit 
that will feed any chemical used in 
sewage treatment. It is a complete 
installation, all ready for the opera- 
tor to set in place, and tap into the 
line. As shown in Fig. 4, it is made 
up of the following: 85 lb. per 
square inch pressure proportioning 
pump (also capable of feeding into 
negative pressure zones), mounted 
on steel cabinet with all accessories 
including: parts to easily inter- 
change for feeding various chemi- 
cals, folding rubber bag, Orthotoli- 
dine test kit, and spare parts for 
year’s service. 





Fig. 4—Che. -O-Cabinet ‘ 





Airports, Army Camps and‘ other small 
sewage plants for odor abatement. De- 
pending upon local conditions, Chlor-O- 
Feeder chlorinates constantly; is man- 
ually started and stopped as required; is 
tonnected to automatically start and 


WHEN SYPHON STARTS TO EMPTY TANK, FLOAT SWITCH 
MAKES MOMENTARY 





stop with the sewage pumps; or is oper- 








ated, automatically controlled, from sew- 
ige syphon. 


Fig. 2—Triplex Multi-Control Feeder 


Multi-Control Feeders—Mutltiple feeding 
of several chemicals has been standard- 
ized so that 2, 3, 4, or more synchronized 
feeders, “ganged” on one drive mechan- 
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ism (Fig. 2), can be ordered from stock. 


Fig. 5—Automatic and Proportional Treatment of Sewage with Hypo-Chlorite 
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PART Il. SEWERAGE 


JOINT ADMINISTRATION AND COLLECTION OF WATER 
AND SEWER ACCOUNTS 


By LEONARD N. THOMPSON, Engineer and General Superintendent 


ROM the outset of the work of the Committee on Joint Ad- 
ministration and Collection of Water and Sewer Accounts, it 
appeared that there existed a large amount of literature covering 
comprehensively the subject of sewer rental laws and the many 
types of sewer rental rate structures. Reference is made at the 
end of this report to several of these noteworthy publications. 
To those officials who are interested in the subject and wish to 
study forms of rate structures, the Committee suggests a review 
of these papers. The Committee acknowledges the use and study 
of these publications in the preparation of this report. 

While in this report the terms “sewer rental” and “Sewer 
service charge’ may be used interchangeably, the Committee 
favors the expression “sewer service charge” as more descrip- 
tive of the service rendered. This should be considered when 
preparing material for educational or publicity purposes. Where 
the sewerage system is already in existence and perhaps paid 
for, the owner-user sometimes wonders if the “sewer rental” 
charge means that he is in fact paying twice for the system. 

The sewer service or rental charge method has been fairly 
well worked out, but its application has raised other problems 
in connection with administration, billing and collection. These 
problems have, in an increasing number of cases, fallen upon the 
water department. They have been described very aptly as 
several series of problems rather than one particular question. 
On general policy and administration problems little has been 
written, and in all the data available there has been little to 
indicate the best practice or to guide the executive. 

With full realization that there exists a wide spread in local 
conditions, that laws, ordinances and local prejudices may be 
difficult to overcome and that definite standards, applicable under 
all conditions, are not now possible, it is the hope of the Commit- 
tee that its conclusions may here produce discussion from which 
will finally develop definite recommendations to the effectual, 
economical and workable administrative machinery and prac- 
tices. These recommendations will then be available as a guide 
to those now struggling to emerge from their difficulties and to 
those water works superintendents who suddenly find themselves 
confronted with the task of collecting both sewer and water 
charges. Only by full discussion by all those who are interested, 
and by exchange of information among those having knowledge 
and experience, can a workable outline be established for others 
to follow. 

Water superintendents have generally hesitated to endorse the 
joint administration of sewer and water works. Particularly 
have they been skeptical of the effects on the water department 
of assuring the collection of sewer service charges. At the start, 
the difficulties appear many, and it is true that the joint admin- 
istration, bi'ling and collection of water and sewer bills intro- 
duce certain problems, but experience is showing that, with 
proper rules and methods of procedure, these difficulties are not 
insurmountable, nor do they appear to place the water depart- 
ment in an unfavorable position. 

Sanitation and public water supply are both indispensable 
services in modern communities; although essentially comple- 
mentary services, they have developed separately and in the 
great majority of cities are administered separate'y. The neces- 
sity for enlarged or improved sewage facilities has created new 
problems in financing, and, concurrently, means for more effi- 
cient administration. Not so long ago many cities were strug- 
gling under the burden of relief expenses and could not increase 
their bonded indebtedness. They feared to impose further in- 
creases in general property taxes. The revenue bond and service 
charge method of financing provided a practical solution for the 
many cities that were able to avail themselves of this method. 

Today, with the inescapable necessity of increasing the na- 
tional debt, state and municipal governments, accounting for 
approximately one-third of the total indebtedness, will be ex- 





This paper was presented before the A.W.W.A., at Toronto, 
Canada, in 1941, by Mr. Thompson as Chairman of the Com- 
mittee on Joint Administration and Collection of Water and 
Sewer Accounts and reproduced by permission of the Association. 


Water Department, St. Paul, Minn. 


pected to keep expenses to a minimum. There probably will be 
some restraint on new issues and in this situation the adaptabil- 
ity of the revenue bond method will prove its worth. Financing 
out of revenue from service charges—the revenue bond method 
—which does not add to the bonded indebtedness of the mu- 
nicipality, has gained great favor. 

The Committee has attempted to determine the effectiveness 
of existing legislation permitting the construction of sewerage 
systems and sewage disposal plants, and of the authority for 
bond issues, general tax levies and sewer service charges. Twenty- 
seven states now appear to have adequate satisfactory legisla- 
tion. Eight report either no legislation at all or unsatisfactory 
legislation. Two states report that special enabling acts are re- 
quired, and two report difficulty in the sale of revenue bonds, 
suggesting need for careful review by the authorities creating the 
power to issue bonds. In but five of the 42 states reporting did 
there appear to be restrictions on the creation of metropolitan 
districts, although a complete analysis of the state laws would 
have to be made and a legal opinion obtained before a conclusion 
could be made regarding the actual situation in any state. The 
fact remains that a great deal of the legislation or amendatory 
legislation has been passed within the past ten years, indicating 
the growth in sentiment for water and sanitary districts. Some 
of this, however, has been emergency legislation and must be 
given careful study before amendments are offered. While ade- 
quate legislation appears to be available in 27 states, in only a 
few of the states have the provisions been used to any extent. 

Replies from 30 water superintendents to a questionnaire on 
legislation, rules and policies, indicate that the water works pro- 
fession is far from agreement on its ideas concerning either 
rates or methods of administration. 

The establishment of special boards for the joint administra- 
tion of the operation of a water department and a sewage dis- 
posal plant appears to the Committee to be largely a matter for 
local decision. Responsibility for maintenance, operation and 
construction of sewerage systems and disposal works may not, 
properly, be of concern to the water works administration, often 
being delegated to other departments. The actual control of plant 
operations of water and sewerage systems under one administra- 
tive head, however, would appear to have certain distinct ad- 
vantages. The administrative functions, including the duties of 
billing and collection, present problems so similar in naturé and 
may effect such economies that control under one administrative 
head seems most logical and advisable. 

Since a water department has already set up the machinery 
and facilities for both billing and collection, separation of these 
functions is a duplication of effort and an expense neither justi- 
fied nor effectually criticized because of the added burden placed 
on the water works superintendent. Since, generally, those who 
are beneficiaries of the sewage disposal plant or sewage system of 
the city are water consumers, the water department already has 
available the most reliable and complete consumer ledger system. 

There is a wide variation in the officials on whom responsibility 
is placed. A recent survey of 91 cities showed 14 different 
classifications of officials in charge of sewer systems; 13 of the 
91 were water superintendents, 11 joint superintendents of both 
water and sewer systems. Of .94 cities surveyed, 18 held water 
departments responsible for sewer rental collections. Thus, it 
seems that the responsibility for the administration of sewer 
rental charges is assigned in many ways, depending upon statu- 
tory provisions, governmental organization and the basis of 
rental. With the increased demand for improved sanitary condi- 
tions, it is becoming customary to make the water department 
the responsible agency through which a financial plan and sub- 
sequent administration can ve worked out. 

A superintendent confronted with the problems of joint ad- 
ministration of the two services must, at the start, be concerned 
with certain definite problems : 

1. The matter of legislation or statutory authority: It is highly 
desirable that such legislation: (1) clearly establish the admin- 
istrative body and method of financing; (2) grant to such ad- 
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ministrative body the power to adopt a rate schedule and neces- 
sary rules; (3) provide authority for the enforcement of all 
rules; and (4) make definite provision for the separation and 
disposition of all funds collected. 

2. The determination of the amount of money to be raised 
by a sewer service charge after a policy has been established 
regarding the part of such charge that will be used to meet 
costs of operation, maintenance, betterments; extensions and debt 
service: When the sewer service charge is based on water con- 
sumption the superintendent can make a reasonable estimate of 
the probable returns. It is desirable that this sum be such that 
it will be reasonably constant over several years, in order to 
avoid upsetting charges once they are established. For this pur- 
pose it is wise to design rates that will produce a slight surplus 
which may be used as a cushion against increased costs of 
sewage treatment or fluctuation in water consumption. 

3. The method of raising the desired revenue. 

4. The methods of billing and co‘lection and control or ac- 
counting. 

5. The adoption, by the administrative body, of local rules 
and ordinances governing the matter of collections, discontinu- 
ance of service, discounts or penalties, etc. 

With the present high tax rates and, in many instances, tax 
limitations, every means is being sought to find new sources of 
revenue. The primary purpose of a sewer rental fund, however, 
should be to provide for the proper financing of the maintenance 
and operating costs of the sewage system and sewage treatment 
works. Practice has shown a wide variation in the extent to 
which such revenues are relied upon to meet capital, operating 
and maintenance costs, but the Committee feels that considera- 
tion should be given first to the combined method of financing, 
ie., assessing the cost of construction against the property bene- 
fited and making a service charge for maintenance and operation, 
with authority to transfer any surp!us income from time to time 
to amortization of the funded debt. Another variation of this 
method is to include in the service charge the cost of the treat- 
ment but not of the sewerage system itself. The revenue bond 
method for the entire cost is a special consideration and not 
susceptible to conclusive recommendations. 

Installation of a sewer system and disposal plant is beneficial 
to all properties, even to vacant property, by enhancement of 
potential values, and therefore, should be taxed for the costs of 
these improvements. The costs of maintenance and operation are 
attributable to and equitably chargeable to the users of the 
works. It is realized by the Committee that tax-exempt property 
will escape any payment of the capital costs, but legal opinion 
seems to indicate that sewer rental costs must be uniform and 
cannot be increased to the user of the system, located on tax- 
exempt property, when such increases are ostensibly for the 
purpose of collecting the equivalent of the tax item for con- 
struction. 

About twenty different forms of sewer rental or sewer service 
charges are now existent, based upon uniform charges, the 
quantity of water consumed, the number and type of plumbing 
fixtures, the number of persons served, the type of premises, the 
character of the sewage, or upon a combination of one or more 
of the above methods. The water superintendent, as administra- 
tor of such collections, should be vitally interested in and con- 
sulted in the establishment of any sewer rental rate structure. 
While the burden of responsibility for the rates should remain 
with the sewer division or the city administration, it is highly 
desirable that they be made with the advice and approval of the 
water works executive. In establishing the basis, the portion of 
the total cost which can properly be borne by the city as a 
whole, i. e., collected by taxation, and the balance to be collected 
as a reasonable charge against the users, in proportion to the 
individual benefits derived, must first be determined. 


A discussion of the many methods or bases for sewer rentals 
is covered in the several publications previously referred to, but 
a study of the many methods and the apparent trend through 
experience prompts the Committee to favor a charge based on 
the metered water consumption, either as a percentage of the 
water bill, or directly on.a consumption basis. Directly on a con- 
sumption basis, the billing may be at a uniform rate or a step 
rate. A flat rate is not fair to the small consumer. A rate based 
on fixtures is difficult to administer. The metered-water method 
is the closest approximation to the use of system that is prac- 
tical of application. It is dependent upon complete metering, and 
modifications have to be taken into account for private supplies 
and such industries as use large quantities of water which are 
not discharged into the sewer system. When the water supply is 
not metered, a flat rate based on the size of the water service 
or connection, or a charge established as a percentage of the water 
bill, would produce an approximation of the foregoing method. 






The cities of St. Paul, Minneapolis and Detroit have sewer 
rentais which are typical of the three methods based, directly 
or indirectly, on water consumption. All three methods haye 
been operating very successfully. 

Minneapolis bilis for water at the uniform rate of 714 cents 
per 100 cu. ft. Sewer rental charges, which are also based on the 
metered water consumption, are on a sliding rate scale, as 
follows: 


NS a Sa, Soe 100,000 cu. ft. @ 2.8c per 100 cu. ft. 
Sie ats hole ake ane 200,000 cu. ft. @ 1.5c per 100 cu. ft. 
et OEE hoe boas 300,000 cu. ft. @ 0.75c per 100 cu. ft. 


The minimum bill rendered is 37 cents. 

For one and two-family homes the winter quarter water con- 
sumption is used as the basis for sewer rental charges throughout 
the year. The owner or occupant of this type of property is thus 
relieved of paying a sewer rental charge on water consumed 
for lawn sprinkling. Large consumers, of course, receive the 
benefit of the sliding scale. The annual revenue from sewer 
rentals is designed to care for operation and maintenance, 60 
per cent of the fixed charges of the treatment plant and 30 per 
cent of the fixed charges on intercepting sewers. The balance of 
the costs are raised by a mill tax. 

St. Paul uses a step rate for water consumption plus a fixed 
or service charge based on the size of the water meter. The 
sewer rental charges are only indirectly based on water con- 
sumption, being based upon the size of the water meter rather 
than on consumption directly, as follows: 

Annual Water 


Size of Service or Annual Sewer 

Meter Demand Charge Rental Charges 
ln 4 iis Ao dtma ood meee e en $ 3.00 $ 2.40 
MN SS nctlouida saltoatineals 4.20 3.00 
Be ON Bara acral war iitane hai tite 7.20 5.00 
CS SiC msi ic osc dae ass Rae ees 10.20 9.00 
Eee ee Dae ear 13.20 15.00 
INNS osc area hain dh iencelatad Mat ertiaisiace 27.00 30.00 
Ore cts ci eo Be moins meets 60.00 75.00 
DM oS Stet cg 2 adratrarpemialeaued 120.00 180.00 
MME ralo. cr dnditcc sla ct Gunral etsity secs oie 240.00 360.00 
3 ne er re 420.00 630.00 
MOMS bios ihe area wp rons 600.00 900 00 
| ee ee en tree ee i 1,350.00 


The total collections for sewer renta’s are used only for costs 
of maintenance and operation. This city reports that the method 
has worked well except that, since bo h the service charge for 
water and the sewer rental charges are based on the meter size, 
the department has received several hundred requests for a 
reduction in the size of the water meters. Reductions granted 
have, of course, reduced both water revenues and sewer rentals. 

Detroit has a three-step water rate plus a service charge based 
on the size of the meter. The sewer rental rate of 11 cents per 
1,000 cu. ft. of water consumed is added to each step of the 
water rates, and water consumed is billed at the one combined 
rate to include both water and sewage disposal, as fol'ows: 


Sewage Disposal Total 

Water Consumption Rate Per Rate Per 

Charge 1,000 Cu. Ft. 1,000 Cu. Ft. 
First 10,000 cu. ft. per month 78c per 

Lf” eer ae et eee llc 89c 
Next 900,000 cu. ft. per month 60c per 

I OO oso ics worsen sverce ss llc 71c 
All over 100,000 cu. ft. per month 48c 

ie Te ON. Ge hick se dds swese ues 1lc 59c 


The service charge is added to consumption charge and all 
shown as one item on the bill. 

In certain localities the presence of one or more industries may 
so affect the strength or character of the sewage, due to the de- 
gree of pollution, that some account must be taken of it in the 
rate structure. This is particularly true when the cost of orerat- 
ing a sewage disposal plant is involved. Also, in certain indvs- 
tries, where a large amount of water is consumed, provision may 
be made to discharge the industrial waste so that little if any use 
is made of the sewage disposal system, or even the sanitary or 
storm systems themselves. While some cities take no account of 
this factor, it seems fair to reason that, when a large percentage 
of the water used is not returned to the sewers, some adjustment 
in the sewer service charge is proper and even necessary to meet 
statutory requirements. While the enabling act should provide 
the authority for such a change, it is the opinion of the Committee 
that the basic charges, based on water consumption, should still 
be continued, and such conditions treated as special cases, making 
equitable adjustments in the charges, and so preserving the sim- 
plicity of the general rate structure. The enabling act should give 
the administration or those invested with power to establish the 














rates, proper latitude to make certain uniform adjustments or 
exceptions to the rate structure. 

Many cities are confronted with the problem of private sources 
of water supply, the water from which finds its way into the 
public sewer system. Authority for the billing of such accounts 
for the sewer service charge must be provided. There seems to 
bé no reason why the same rates cannot be applied here as to 
users of the public water supply. 

In St. Paul and Minneapolis there are 376 private wells, pro- 
ducing approximately 40 m.g.d. The two cities report favorably 
on the complete metering of the private supplies accomplished 
by ordinance, the sewer rental billing made in Minneapolis being 
on the water pumped from the private wells, and in St. Paul on 
the size of the meter as set on the well. 

In these cities, where the private supplies have been metered 
for about eighteen months, it is reported that there has been no 
particular criticism. In both cities each case was individually in- 
vestigated and the owner advised regarding type and size of 
meter. Perhaps the greatest difficulty experienced was the stop- 
page of meters due to sand pumped from the wells. In St. Pau’, 
where the charges are based on the size of the we!l meter, the 
billing is continued until a well is reported out of service and 
sealed. The installations of small wels for air-conditioning, 
which are not used during the winter months, are billed through- 
out the year. 

Ordinances should provide for the registration with the bi!ling 
agency of all old and new sources of private water supplies. 
These meters shou!d be read and treated as any other account. 
Since the department has no method of discontinuing such pri- 
vate supplies for non-payment, provision should be made to 
place delinquencies on the tax rolls or to file them as a lien 
upon the property. 

The trend toward suburban development in many cities has 
become a real problem. Those who move outside the corporate 
limits of the city for various reasons, in some cases to avoid city 
taxation, demand the same utility services they enjoyed in the 
city. When tax funds have been used to construct and maintain 
a sewerage system and/or a sewage disposal plant it seems un- 
fair that such faci‘ities should be placed at the disposal of non- 
residents at less than actual costs. When metropolitan districts 
are established to furnish utility service to such areas, it is 
highly desirable that sewer rental charges be increased to repre- 
sent at least the equivalent amount paid by those taxpayers who 
are or have paid for the construction of the utilities services. The 
Committee feels that there is every justification for the creation 
of metropolitan utility districts, but where those consumers of 
the service are beyond the tax jurisdiction of the municipality, 
the payment for such service should represent at least the equiva- 
lent of the sum total payments made directly or indirectly by 
the consumer for like service inside the city, including all costs 
of amortization, interest, depreciation, maintenance and service. 

The difficulties encountered in the collection of sewer service 
charges are not very great once a sound and workable method 
is adopted. Sewer bills or sewer service charges may be made 
separately and entirely independently of the water bill, sepa- 
rately and attached to the water bill, included in the amount of 
the water bill, or shown as a separate item on the water bill. 

There is a natural antipathy among water works men toward 
confusing the water bill with charges which are primarily of no 
concern to the water department. Placing additional charges on 
a water bill, it is felt, will conjure up in the mind of the con- 
sumer the idea of an increased water bill. For this reason the 
practice of making separate bills has often been employed. The 
committee is of the opinion that the additional expense involved 
in issuing separate bills is not justified, that experience is prov- 
ing that a water bill, carefully prepared and explanatory, will 
neither confuse the consumer nor bring undue criticism upon the 
water department. It is reported that during the initial stages 
many inquiries are received but that once the additional charge 
is understood, the complaints are few. 

Simplicity in rate structure and in billing is highly desirable. 
One of the strongest arguments in favor of a rate based on 
water consumption is the ease with which the charge may be 
included with or on the water bill. The bill should be clear and 
should properly indicate each charge. A statement of the rate 
schedule is highly advisable. Proper publicity prior to the initia- 
tion of the combined method of billing and proper explanation 
have been found to work suecessfully and to overcome the fears 
of the superintendent. Reports indicate little, if any, increased 
delinquency in the payment of water bills. A printed notice on 
all water bills to the effect that the water department is acting 
only as the collection agency for sewer rental charges and that 
the funds are maintained separately had proved. helpful in a 
number of cases. 
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Practically all public utility types of billing machines can be 
so constructed as to indicate the water charge and the sewer 
rental charges separately, and to tabulate or accumulate the two 
accounts separately for proper accounting purposes. ‘This 
process is available even to the extent of duplicating or repeat- 
printing the amounts of the bill proper and on the cashier’s 
stub. Much clerical and consumer’s time may be saved and a 
c'ear record kept if all collections made are credited on the one 
ledger card under proper headings. Accounting control and trial 
balances are simplified. Separate accounting of each fund is 
highly desirable, and since the water department is acting only 
as the collection agency, the funds collected for sewer rental 
purposes should be credited directly to such an account and 
turned over to the proper authorities for disposition and dis- 
bursement. Colored ledger cards for carrying the accounts of 
private supplies are desirable and helpful in distinguishing the 
type of supply easily and quickly, without interference with the 
financial control system. 

Some provision must be formulated in the case of delinquents. 
Simplicity indicates that the same discount rate or penalty should 
be applied to sewer and water accounts. 

The water department should have the right to instigate all 
rules governing the method of collection, time or period of bill- 
ing, to correspond with the regular water billing periods, the 
rules for collection of delinquent accounts, turn-off for non pay- 
ment, etc. Since it is not practicable to shut off a sewer connec- 
tion, the most logical and practicable method of forcing payment 
of sewer rental charges is to demand that they be paid with the 
water bill, with right to deny se vice of both. While on the face 
of it, it does not seem fair to a water department to be required 
to deny service to a water consumer because he refuses to pay 
a sewer rental charge, here again experience shows that the per- 
centage of delinquencies is very small, varying usually from 
zero to 10 per cent in 37 cities, with one city reporting 20 per 
cent and two as high as 30 per cent in the depression period. 
There is no reason to believe that the sewer rental charge on a 
water bill has increased delinquency. 

In practice it will be found that numerous accounts are not 
connected to the sewer system and, therefore, are not subject to 
the sewer service charges. In one city a charge is made where 
the sewer is available, irrespective of whether actual connection 
is made or not. In another, no charge is made until actual con- 
nection is made. In initiating the sewer rental charges in the 
latter city, the charge, initially, placed on all ledger accounts and 
billed until complaints and investigation proved the error. 

When charges are based on the water consumed and allowance 
made for lawn sprinkling, it is the usual practice to establish, 
by a review of the reading sheets, the normal or average con- 
sumption for one billing period at each premise as indicated in 
the off-sprinkling or winter months and to indicate the amount 
so arrived at on the reading sheets and ledger cards as the 
average domestic consumption. The sewer service charge is then 
applied to this same consumption at each billing period. Estab- 
lished percentages of the water charge or fixed charges, when 
these methods are used, and any other information necessary to 
billing should be entered on both reading sheets and ledgers. 
The water superintendent should see to it that his department is 
reimbursed for all expenses incurred in carrying this added 
service. These costs may include additional billing equipment, 
the cost of changing over some equipment to meet new demands, 
the cost of new ledgers, a fair and proportional share of the 
postage, clerical and miscellaneous expenses. 

The water superintendent should have the complete coopera- 
tion of the public works department, sewer department or what- 
ever agency controls the installation of new sewer connections, 
in order that records may be completely and accurately up to 
date. Insofar as possib'e each department should be self-sustain- 
ing, free from any political interference and in full control of 
the revenue received, subject only to the limitation that they be 
expended for water works and sewerage services and for no 
other purpose. 
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SEWER SERVICE AND MAINTENANCE 





Radio Equipped Service and Maintenance Truck Proves Its Value 


By EDWARD P. DECHER 


Ass’t. Secretary and Purchasing Agent 
The Joint Meeting, Newark, N. J. 


First, it should be explained that the Joint Meeting is a Sewer 
Commission and is comprised of the following eleven municipali- 
ties: City of East Orange, Town of Irvington, Township of 
Maplewood, Township of Milburn, City of Newark, Village of 
South Orange, and the Town of West Orange, all being in the 
County of Essex. In the County of Union are the Township 
of Union, Township of Hillside, Boro of Roselle Park, City of 
Summit. 


carried on our two motor trucks: 
1 Hydrogen Sulfide Detector. 
1 Wolf Safety Lamp. 
Combination Velocity Blower Hose Mask with Safety Har- 
nesses. 
Carbon Monoxide Detector. 
2 Canister Type Gas Masks. 
Carbon Monoxide Detector Ampoules. 
2 Pairs Chippers Goggles. 











1 2%” Portable Air Blower. 

1 Combustible Gas Indicator. 

1 Industrial First Air Kit. 

4 Extra Safety Belts with ropes attached. 
Salt taklets for use in the prevention of 
heat sickness. 

1 1500 Watt Portable Electric Generator 
and Floodlights. 


The Joint Meeting has six employees on 
General Sewer Maintenance (see photo No. 
1) and all of these men have taken a course 
in First Aid which course was given by the 
Newark Safety Council. Besides being cap- 
able of administering first aid, all of the 
men are trained in the proper use and opera- 
tion of the many safety devices carried on 
our equipment at all times. 


Our ment are especially instructed in the 
use of the hose and canister type masks. 
The Joint Meeting will not permit any of 
its men to enter a sewer or any sub-surface 
structure with a canister type mask which is 











No. 


The Joint Trunk Sewer 

The Joint Trunk Sewer is constructed within the boundaries 
of the aforementioned municipalities. The original sewer was 
built in the year 1900 and is approximately 23 miles in length. A 
Supplementary Joint Trunk Sewer was completed in the year 
1930 to give a total of 54 miles of main trunk 


1—Radio Equipped Maintenance and Service Truck and Equipment 
(Henry Decher, Ass’t Foreman (left) and Crew) 


of no value in oxygen deficient atmospheres. 

We have heard of water service trucks 
that have been radio equipped. However, at 
the present time, I know of no other sewer 
truck equipped the same as the one owned and opcrated by the 
Joint Meeting, and I believe that it is the first sewer truck in the 
United States equipped with radio. 

In photograph No. 1 is seen the two maintenance trucks (the 
larger being the radio equipped unit), some of the equipment 





, 


sewer in all. 

The Joint Trunk Sewer at the present time 
is serving an estimated population of about 
305,000. The Sewage Treatment Plant is 
located in the City of Elizabeth, the final 
effluent discharging into Arthur Kill. One 
can readily see that should our men and 
equipment be working in the Town of West 
Orange and an emergency should arise in 
the Boro of Roselle Park or at our Treat- 
ment Plant (the plant being about 12 miles 
from the Town of West Orange) a difficult 
task would be encountered in contacting the 
men or securing needed equipment. 





Our Truck Now Radio Equipped 


Because of the distances involved it was 
deemed advisable by the Hon. Peter A. 
Smith, Chairman of the Joint Meeting, to 
equip one truck, at least, with a short-wave 
receiving set for the purpose of reaching our 
maintenance and service crew in the shortest 
possible time in case of an emergency or a 
complaint received which justified attention 
with least delay. 


The radio set was purchased at a cost of 
$170.00 and installed on our three ton Inter- 
national truck. 


The following is a list of the equipment 














No. 2.—Some of the Equipment 
(See text for description and uses) 






































































listed above (see Photo No. 2), andthe General Maintenance Crew. 


Equipment 
Portable Generator 


On the left is our indispensable Homelite Portable Generator good for 110 volts 
D.C. and 1250 Watts. In center, the floodlight. Both are products of the Homelite 
Corporation of Port Chester, N. Y. 


With this generator we have several electrical tools and flood lights. These elec- 
trical tools have been found to be very satisfactory. We have never at any time 
found ourselves without proper lighting when emergency work is performed at night. 
We have approximately 200 feet of special extension cord, should the necessity ever 
require special lighting in our large sewers when repairs are made. A good portion 
of our sewers are in outlying territory where electric current to be supplied from a 
nearby house is impossible. 


It may be interesting to note that the Joint Meeting has two cast iron pipe sewers, 
one being 36 inches in diameter and the other 54 inches, which run parallel and lie 
on the top of the ground in the Townshiip of Union and each being approximately 
1500 feet in length without any manholes. It has been recommended by the Chief 
Engineer—Leslie E. West—that at least four manholes be built on each line and the 
type recommended are Hat-Flanges, with bolted covers. To install these Hat-Flanges 
our portable generator will play a very important part, that is for furnishing the 
current to drill the necessary holes in the present pipe in order to fasten on the Hat 
Flanges. If it were not for this machine it would require drilling these holes by hand 
or renting the equipment. 


On two occasions power failures were encountered at the Treatment Plant. We 
were able to supply the necessary light until the current was restored. Our generator 
has proven a very sound investment, if not an indispensable one. 


Blower, Hose Masks and Gas Detectors 


The next item in this photograph is the trunk-like case which contains the blower 
and the hose type gas masks. This piece of equipment is manufactured by the Davis 
Emergency Equipment Company, Inc. of New York City. On the top of this case are 
two carbon monoxide detectcrs, two hydogent sulfide detectors, and one combustible 
gas indicator. The last two items of equipment are products of the Mine Safety Appli- 
ance Co. of Pittsburgh, Pa. 


Portable Air Blower 


The last item in this photograph is the portable air blower (on the right) manu- 
factured by the B. F. Sturtevant Company of Boston. 


This piece of equipment has proven very satisfactory and is used in ventilating 
sewers before men are allowed to enter. It has also been used at our Treatment 
Blant in drying out the tunnels. There also appears on this photograph, hanging from 
the side of the truck, the headpiece and safety belt of the gas mask. This equipment 
as shown is carried at all times with the necessary First Aid equipment on this truck. 
A combustible gas indicator manufactured by the Davis Emergency Equipment Cc., 
together with the duplication of the carbon monoxide and hydrogen sulfide detectors 
are carried on our other truck, and another set is stationed at our Treatment Plant. 


The writer believes that no municipality can afford to be without the necessary 
safety equipment for the protection of their employees. While the cost of the afore- 











No. 3—We find the Flexible Rod to Have Many Advantages 


Looking into the manhole are Henry Decher, Foreman, 
and (right) Corey W. Sanford, Superintendent of Sewers. 












































































No. 4.—Pollard’s Port- 
able Platform Derrick 
(On the platform, a turbine wench; i 
Superintendent Sanford, Portable i 
Homelite Generator and Flood Light) 


mentioned equipment is most reasonable, it 
is priceless in the event of an emergency. 


Flexible Sewer Rods 


The Flexible Sewer Rod shown in Photo- 
graph No. 3 has proven to be a very satis- 
factory piece of equipment. This piece of 
equipment, manufactured by the Flexible 
Sewer Rod Co. of Los Angeles has many 
advantages, such as can be seen. One can 
readily understand that the old method 
used in removing an obstruction in a sewer 
that only one man could be placed in a 
manhole, in a cramped position, at‘a time, 
thereby reducing his strength to a mini- 
mum when working. With a flexible sewer 
rod you can notice in the photograph that 
more than one man can be used and greater 











No. 5.—Our Chief Engineer, Leslie 
E. West, Demonstrates the Test for 
Poisonous and Combustible Gases 
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pressure exerted, and the safety feature is 
that the men are on top of the ground at 
all times during this particular operation. We 
have found that an obstruction can ke moved 
much faster with this piece of equipment 
than the methods used heretofore, and that 
more territory can be covered in a shorter 
time. There are also many other advantages. 


Portable Derrick 


The portable derrick shown in Photograph 
No. 4, manufactured by The G. J. Pollard 
Company of Brooklyn, N. Y., is known as 
the Pollard Portable Derrick. The platform 
on this derrick is large enough to transport 
our two Turbine Sewer Cleaning Wenches 
(Turbine Sewer Machine Co. of Milwaukee) 
with the drum and cables intact. 

These wenches, with the drums and cables, 
are rather heavy but can be easily placed on 
the derrick platform without much effort, 
due to the fact that the platform is only 12 
inches above the ground. This platform der- 
rick is equipped with a set of small rubber 
wheels in the center, and is towed on the 
rear of our truck from one job to the other. 


The derrick has a lifting capacity of 1000 
Ibs. and can be swung in any position de- 
sired. It has been used to lower pipe on some 
of our repair jobs, and used in raising tilting 
buckets out of manholes during sewer clean- 
ing operations. It has also been used very 
successfully in loading heavy manhole heads 
and pipe on our truck, therefore making 
loading much safer. This piece of equipment 
has proved highly useful. 





Rescue and First Aid Practice 


Photographs No. 6 and No. 7 show our 
employees giving a demonstration of the 
proper method of rescuing a man, should 
he be overcome while working. There may 
be a possibility that the reader seeing the 
photograph may criticize the fact that we 
permitted a man to enter a sewer or cham- 
ber without the proper equipment, however, 
this is not the case with the Joint Meeting. 
I believe, though, that the fact can be ap- 
preciated that it is a hard task to have a 








man working in a sewer wearing a gas mask 
continuously, if the conditions under which 
he is working are absolutely safe. Extensive 
tests are made before any man is permitted 
to enter any of our sewers. We have quite a 
number of meter chambers which are far above the sewer line 
itself. These must be entered by our employees each week to 
change the meter charts, and in performing this duty it is not 
always necessary for a man to be equipped with a mask if condi- 
tions are safe, however, one can never tell when an employee may 
be suddenly attacked by some gas. For this reason our employees 
must go through a rehearsal such as pictured, so that they do 
not lose their technique and ability in case of an emergency. 


Compensation Insurance 


The Joint Meeting carries compensation insurance, which we 
believe is very necessary. Regardless of how minor an injury 
may be, even to a small scratch on the finger, the employee must 
go to a doctor for the necessary treatment. This is to insure their 
safety and to minimize claims against the Joint Meeting. 

Last year all of the employees of the Joint Meeting were inoc- 


ulated against typhoid fever. This was paid for by the Joint 
Meeting as a safeguard to its employees. The Joint Meeting 
makes every effort to see that its employees are protected from 
any hazards and makes it a practice to have a safety engineer 
from the insurance company make regular inspections of the 
equipment and Treatment Plant every month. And, at the same 
time the inspection is made a safety meeting is held by our em- 
employees, they having an opportunity to discuss problems pertain- 
ing to the plant with the safety engineer. in 


Safety Equipment Demonstrations 


In June, 1938 the Commissioners of the Joint Meeting held a 
special meeting at the Treatment Plant for the purpose of gaining 


Nos. 6 and 7.—Rescue and Resuscitation Prac- 
tice Is a Requirement of the Joint Meeting 


as much knowledge as possible for themselves and the employees 
on safety measures. The principle speakers at the meeting were 
Mr. E. M. McCool of the Mine Safety Appliance Co., and Mr. 
L. W. Brendlen of the Davis Emergency Equipment Co. «They 
gave a very splendid lecture and demonstration on the proper 
uses of the various safety devices used in connection with sewer 
work. This meeting was attended by approximately 100 officials 
connected with the municipal sewer departments in Essex and 
Union Counties, New Jersey. 


Employee Suggestion-Box and Prize Contest 


There is installed on the wall in the Treatment Plant a box 
known as the Suggestion-Box in which suggestions are deposited 
by our employees. Employees have continuously placed sugges- 
tions in this box and, after being given careful consideration, the 
most practical are tried. A number of the suggestions submit- 
ted have been found to be decidedly beneficial. It is a commonly 
known fact that men in constant contact with equipment are 
those most able to express its advantages and observe wherein 
improvements would bring about better results. The Commis- 
sioners of the Joint Meeting have discovered that many of these 
suggestions have resulted in a considerable saving in dollars. 
For this reason the Commissioners of the Joint Meeting have 
set up two prizes for a contest which is now in progress, giving 
each employee an opportunity to express his views as to what 
in his opinion would better serve the Joint Meeting as opera- 
tion of the Treatment Plant, maintenance of the sewers, safety 
of the employees, or any other item pertaining to the works 
in general. 
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W. H. STEWART 


Sewer Cleaning Equipment 


P. O. Box 581 
JACKSONVILLE, FLA. 


P. O. Box 767 
SYRACUSE, N. Y. 





STEWART WOOD AND STEEL SEWER RODS 
JUMBO No. 10 HEAVY DUTY WOOD RODS 





Lengths: 
2%, 3, 3%, and 
4 ft. 

Woodstock: 
Selected hickory 
134”x1¥4” octa- 
gon 

Couplings: 
Strong, Malle- 
able Iron 


Triple Lock heavy duty sewer rod. Impossible to buckle or un- 
couple in the sewer. The tongue and groove eliminate wear on the 


hook, increasing the length of service. 


Rods may be coupled or uncoupled on street 
forcing with jack or windlass. 


Free Trial—The Rods must Pay for themse 


surface. Will stand 


Ives. 


SECTIONAL STEEL RODS 





Double Lock highly tempered spring steel 


rods 
Rod length 3 ft., 5 ft. or 10 ft. 


-Rods connect by sliding in from the side. 
When the coupling is closed, a double lock 
prevents opening while in use. 


May be operated from street level. 





Two Man Sewer Cleaning Machine 














The Stewart single windlass “two- 
man” machine operates entirely over 
one manhole. The “two-man” wind- 
lass is a double drum machine; one 
drum holds the cable that pulls the 
bucket or tool into the sewer, the other 
drum holds the cable that pulls the 
bucket or tool out of the sewer. 


Rod Guide and 
Holding Frame 


—ap=dj 


No. 22 Spear Screw—4" to 10” 





No. 12—Open Screw— _ to 





Guard Cage Collapsible Bucket— 
4” to 36” 
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SEWER FLUSHING 





Good and Indifferent Practices 


By JOHN D. WATSON 
Consulting Engineer, Ruislip, England 





This article reveals much pertinent to “Sewer Flush- 
ing” practices and presents what may be considered sat- 
isfactory flushing and what will prove a waste of effort 
and funds. The all important depth of flow in flushing, 
as compared to velocity flow without the needed depth, 
is pointedly emphasized. If we interpret correctly, many 
readers will find it necessary to consider some of our 
existing pseudo-flushing practices as little more than 
sewer “rinsing,” after reading the depth—velocity discus- 
sion by Mr. Watson—an authority with a wealth of 
experience and years of observation to draw upon. 











The basic condition upon which calculations for sewer flow 
should be made is that the sewer have a self-cleaning velocity. 
In other words, it should never tend to silt up even though the 
dry weather flow condition persists for long periods while at 
the same time it must be capable of taking storm water, unless 
it is wholly diverted from it. Provided they are properly con- 
structed it is not usually difficult to give sewers a sufficient fall 
for this condition to be fulfilled. Main sewers will work with 
little or no trouble when laid on a grade of 1:1000 or less and, 
when the London Main Drainage was designed some 70 years 
ago, experiments showed that a velocity of 1% miles per hour 
was sufficient, and very little cleaning is necessary in these sewers 
today. They vary from the familiar oval section of 4-ft. x 2-ft. 
and 8-in. to circular sewers of 12-ft. diameter. They are 
mainly built of brick. 


Trouble is rather more likely to occur in the smaller branch 
sewers which have to be put in of a size to allow of increasing 
population so that for perhaps 10 or 20 years, normal flows 
are insufficient to maintain a self-cleansing velocity; and, while 
it is usually possible to divert surface water into them, it 
usually has to be kept out in order to save pumping and puri- 
fication costs. The system adopted at one time at Hamburg, 
of constantly flushing the main sewers from a small river, 
enabled them to be laid at 1:3000, and to be run practically half 
full continuously, but that principle has rarely been adopted. 
The usual practice, when artificial flushing is resorted to, being 
either to provide gates to dam back the flow and then to re- 
lease the pent up sewage for the purpose; or the use of tanks 
operated by an automatic syphon, the latter arrangement being 
as a rule the better one. 


The Great Importance of Depth in Flushing 


When arranging for it the important points to bear in mind 
are, that the flush is not going to be effective over any great 
distance, and that it is the depth of flow over the invert of a 
sewer which is the most effective in moving the material which 
is the main cause of obstruction. That of course, is the con- 
dition intended to be provided by the oval sewer, silt being 
usually the main cause of the trouble in the present connection. 
In the form of road detritus, though it may reach the sewers 
mainly in times of storm when there should be sufficient velocity 
to carry it to the outfall, road detritus in the average condi- 
tion has been found by experiment to require a velocity of 
nearly 1-ft./sec. to keep it on the move and if small pieces of 
broken stone and similar material get into the sewer (which 
by some unaccountable means they do) such, according to size, 
will require a velocity of 2% to 3%-ft./sec. to move them. 
Incidentally, it is such obstructions in the first instance, as a 
rule, which cause a general obstruction to build up. 

Such material always moves along with a speed of travel 
less than that of the stream (usually not more than half) 
and though 2%4-ft./sec. flow velocity may move a piece of 
stone it will only barely do so in 1-in. depth of water. But, 
if the depth be increased to 6-in. it will roll along quite easily 
at 2-ft./sec., confirming the contention already made that it 
is the depth of liquid in the sewer that is the really important 
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FEET FROM FLUSH CHAMBER 


Curves Revealing Relationships Between Depth of Sewer Flush 
(Rate of Flush Discharge) and Effects Down-Sewer 


factor in keeping it clean. Therefore, the conclusion to be 
reached, is that, in circular sewers at all events and more par- 
ticularly in the average branch up to 30-in. dia., the basic 
cause of silting is insufficient depth of flow rather than velocity; 
and, especially is this evident in lateral sewers which only re- 
ceive intermittent discharges from the dwellings connected to 
them. Thus, deposits commence which ought to be periodically 
flushed away because if they are not removed, although they 
might not immediately render the sewer inactive, they cause 
a filmy growth (slime) to appear on the pipe wall. This 
growth in turn further reduces the velocity, and so matters 
go from bad to worse with the additional evil of the sewage 
becoming septic and producing large volumes of sewer gas, 
with its well known attendant evils. 


This can be demonstrated in a simple manner by purposely 
putting some coarse sand or fine gravel in a sewer. Then it 
will be found that while motion is set up by dragging action, 
the particles are more or less lifted up into the stream and 
further motion is carried on by the added effect of suspension. 
The greater volume of material is naturally carried in the lower 
layers of the stream, the total quantity being proportional to 
the depth. Motion, too, will be seen to be from the sides of 
the sewer towards the centre, the major portion of the sus- 
pended matter being carried along the centre of the stream. The 
amount and the size of the material being carried in suspension 




















depends upon the velocity of the stream and its depth of flow. 
But, to a much greater extent depth is controlling, because in 
appreciable depth of liquid the particles are thrown to a greater 
height; and, as the velocity of descent of the particles is the 
same in both cases, the deep stream carries the particle further 
owing to the greater opportunity of remaining suspended. 


Effects of Flushing 


The conclusions to be reached, therefore, are that as a gen- 
eral rule it is advisable to provide means for flushing pipe 
sewers when they are laid at flatter gradients than those listed 


below : 


9 aaa: 1:300 BE. oo tes ale be 1 :600 

BREEN. orsicie-os heoat 1 :400 , 5 a 1 :700 

2 eee 1:500 DFE 5 o'c 0 56 ate 1 :800 
cee ee 1 :900 


Between 2,000 and 3,000 gallons at a flush, according to the 
size of the sewer and provided it is released once or twice 
every 24 hours, usually suffice. In any event it should be an 
amount that, when it does come into the sewer, practically fills 
it at that point. This, because the depth of the flushing wave 
near its point of origin decreases as it moves downstream to 
a point at which the depth and velocity are but little affected 
by the discharge. As an example, one can consider a 12-in. 
sewer flush by a 1,500-gallon tank through a 10-in. syphon 
in 144 minutes. 

On the accompanying chart the upper set of curves relate 
to such a sewer laid at 1:630. One curve reveals transmission 
velocity, the other steady-flow velocity. As regards the former, 
the rate of transmission, at the commencement of the flush 
and at different distance from the flushing chamber, is that 
which would give the maximum scouring velocity, assuming 
the flush to be discharged into an empty sewer. This velocity 
lasts but a few seconds and its effect reaches but a short dis- 
tance. In the matter of the steady-flow velocity, during the 


period when the maximum volume of flushing water is passing 
at different distances from the flushing chamber, it will be 
observed that this velocity lasted for a minimum period of 1 
min., the period increasing with the distance from the flushing 
chamber. There is also a third curve which reveals the maxi- 
mum volume of flushing water in gallons per minute at different 
distances from the flush chamber. From this curve, the effect 
of varying the amount of flush water discharged per minute 
can be determined. The lower set of two curves, in comparison, 
relates to a 9-in. sewer having a flush of 750 gallons for one 
minute. 


Facts and Conclusions 


The principal facts which become apparent from an ex- 
amination of these curves are that: 

(1)—The velocity dies off rapidly at first until it attains 
a certain value after which the diminution is small. As a result 
the flush is transmitted over an appreciable distance, probably 
about one mile. 


(2)—With flat gradients, the velocity when the maximum 
volume of flush water is passing is less than the rate of trans- 
mission at the commencement of the flush, the difference gradu- 
ally decreasing as the gradient decreases until the velocities 
are identical—such being indicated by the lower graph. 


One can conclude, therefore, that the slope of the advancing 
flush will gradually flatten as the distance from the flushing 
chamber increases except where the gradient is sufficient to 
secure a high velocity. It is noticeable, also, how the steady 
flow velocity is over 3-ft./sec. at a distance of more than 
3,400 ft. from the flush chamber. If, therefore, the sewer 
gradient is reasonably good, though appreciably less than that 
above set out, a good flush (rapidly discharged) will keep a 
sewer clean for at least half a mile even though its capacity 
be considerably in excess of normal dry weather flow require- 
ments. And that, as already indicated, is the main purpose of 
artificial flushing. 





Maximum Flow Gage 
for Sewers* 


The accompanying sketch pictures the type of maximum flow 
zage, which has been installed in five manholes in the village of 
Shorewood in Milwaukee County, Wisconsin. 

Metcalf and Eddy, in “American Sewerage Practice” (Vol. 
|), under Maximum Flow Gages, describe a device that is sub- 
itantially a stick with small vials attached along its length and 
inserted into a perforated pipe. The level of the mouth of the 
highest vial found full indicates the height to which the sewage 
nas risen in the manhole. This design, however, has its disad- 
vantages. First, the vials are breakable and entail considerable 
trouble in replacing. Second, it can not be used where the velocity 
sxceeds eight feet per second. 

The improvements in the Shorewood installation are: 

First: It is cheap—the entire gage, made by a tinner and ready 
to install, costs very little. 

Second: It is not breakable and may be used in sewers regard- 
less of velocity. Being made of brass or copper it is immune to 
corrosion. 

A brief description may be helpful—This gage is made of one 
inch (square) brass tubing, with one face (C on sketch) cut 
through at predetermined spacings. In the Shorewood design it 
is three inches. Then the corners are ground off on a power 
grinder to make edges A and B. The resulting flap is bent back 
and soldered in place to form the bottom of the pocket above. 
The block of wood is to raise the gage to the elevation of the 
invert of the sewer. The spacing of the pockets and the width of 
the mouths may be varied to suit circumstances. A perforated 
2 in. W.I. pipe protects the gage. 

In practice the gage has proven reliable and has served satis- 
factorily through several storms when the sewers were sur- 
charged. 

Credit for this design belongs to George Dewey Simms, As- 
sistant Village Engineer, Shorewood, Wis. 


*Contributed by Julius Lucoff, Milwaukee, Wis. 
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TRANSITE PIPE IN DIFFICULT SEWER JOB 





By HORACE J. COOK, Engineer and Superintendent 


Water and Sewerage District, Auburn, Maine 


[ THE spring of 1937, sewage was found to be backing into 
the basements of a large number of residences in Brunswick, 
Maine, the home of Bowdoin College. It was, in fact, the area 
occupied by this institution which was affected. 

Upon investigation it appeared that the 12-inch vitrified clay 
pipe sewer was crushed and entirely plugged. Attempts were 
being made to remedy the condition by relaying this with a 
12-inch cast iron pipe. As the water standing in the trench 
was considerably above this pipe, it was evident that either this 
cast iron pipe was plugged or that the grade was such that the 
water could not flow through it. 


Further investigation showed that the 12-inch pipe was too 
small for the area served. It was found also that the 12-inch 
iron sewer was out of line horizontally and vertically. Later a 
hump in the pipe of 3 feet was discovered, which gave an adequate 
reason for the water standing in the ditch. 


When holes were driven to check conditions, it was learned 
that the grade of the original sewer was from 24 to 28 feet 
below the surface of the street. The soil was a very fine sand. 
At the depth of 16 feet water was encountered, which meant 
that the entire trench must be tightly sheeted to prevent the 
flow of quicksand. It was also known that the joints in the 
iron pipe were not tight and that the water and fine sand were 
filtering into the sewer. 

It was decided to lay an entirely new 18- 


tion of Harpswell and Bowker Streets, with its outfall, at a 
certain depth, at the junction of Pine and Bowker Streets, A 
straight line between these points was the only grade possible. 
This gave only a drop of 4 inches in 100 feet. 


"Transite" Pipe Used 


The pipe chosen for the job was “transite” pipe, a product of 
the Johns- Manville Company. This pipe is being used increas- 
ingly in the water works field for distributing water under pres- 
sure. As it is constructed of cement and asbestos, it does not 
lose any carrying capacity due to incrustation and has a very 
high crushing strength. The trench was entirely too deep for 
the use of vitrified clay pipe unless it was encased in concrete. 
The Johns-Manville Company guaranteed that this pipe would 
stand the pressure and that asphaltic joints made according to 
their instructions would not leak. 


Sheeting Method 


The accompanying sketch and pictures show the layout of the 
sheeting. Spruce timbers 6x10 inches in size, placed not over 
four feet center to center, acted as rangers. The braces were 
6x8 inches with eight feet clearance for a chance for the clam- 








inch line from Pine Street to Harpswell 5 





Street, along Bowker Street. An 18-inch 





pipe of the type used on a 3 per cent grade 
will carry three times as much water as a 
12-inch clay pipe. The grade and depth of x 
the sewer had been determined by the orig- 
inal builders years ago. The sewage was 


delivered, at a certain depth, at the Junc- 
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The 18” Transite Pipe in Place 





Details of Sheeting in Fine Sand Sewer Excavation to 26 ft. Depth 

















Bucket Used in Deep Excavation Going to 26 ft. Below Street Level 


shell bucket. Three sets of sheeting were used, the lower being 
left in place. 

It was found impractical to use the sewer already laid to 
drain away the water in the trench, as the men working in the 
trench would stir up the fine sand and the water would carry it 
into the finished section. Here the grade was so flat that the 
sand would settle and clog the pipe. It was necessary to pump 
the water out of the trench into a settling box where the sand 
was removed. As four cubic yards of sand per day was removed 
in this manner, it would have been but a short time before the 
new sewer would have filled if this water and sand had been 
allowed to enter it. 

In the construction of this new sewer, several difficulties were 
encountered which were lacking in the first work. The drainage 
and sewage of all the great area above was being emptied into 
the trench continuously. The old cribbin used in the original 
construction had been left in place to a great extent. The old 
pipe, in many cases encased in concrete, had to be broken up 
with air hammers and removed. There were more buildings to 
protect, especially the Bowdoin College grandstand. All these 
features made additional costs which were lacking in the first 
job. The use of a rock fill under the pipe to give a better 
foundation than the quicksand and to provide subdrainage, was 
another added cost. 


Costs 


In checking the costs of the original sewer in 1903, it was 
found that the cost to the town was practically $18 per foot. 
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Sheeting and Bracing 
(For details see text) 


The first contractor had financial difficulties, and it was finished 
by another, so the real cost was never known. The repairs since 
that time had totaled $15 per foot. As labor and materials at 
that time were about 40 per cent of today’s prices, the present 
cost, in line with the 1903 prices, would be about $45. As a 
matter of fact, the expense was $32 per foot, or less than the 
original cost, plus the repairs. Mr. Everett Beedy of Auburne, 
Maine, was the superintendent in charge of the work, and it is 
to him that the credit should be given for the efficient way in 
which the work was handled. 

The new transite pipe sewer has been in place now over four 
years. To date there has been no indication of infiltration of 
sand or water. Neither has there been any settling in the streets. 





NOZZLE REPLACEMENT ON TRICKLING FILTERS 


By ROY S. LANPHEAR 


Worcester, Mass. 


F LUSHING of the lateral distributors of the trickling filters at Worcester is done 
once each week by removing the end nozzle in each line (several at a time), and 
The threads in the pipe 
openings, into which the nozzles were screwed, were destroyed after a few months of 
Cast iron pipe, brass nozzles and a sewage containing strong 
acid and alkaline industrial waste liquors were also factors in such destruction. 
Saddles, with washers and U-bolts, were first used. When the threads in a saddle 
gave out, a new saddle was installed. This operation proved successful and was used 
Additional purchases indicated that while the method was a success, 
the expense was quite an item in the cost of filter operation. Apparently galvanic cor- 


allowing the dosing tank siphons to operate once or twice. 


this routine operation. 


for some time. 


rosion was at the root of the thread wearing difficulty. 


A later improvement was the use of a 2%4x2-inch brass bushing in the saddle open- 
ing. This left the contact of the iron and brass threads undisturbed when removing 
No difficulty is now experienced and saddles with the bushings have been 
In lots of 200 the cost of the. saddles, strap-type U-bolts, and 


the nozzles. 
in use since May 1937. 
bushings, was 84, 5834 and 47 cents each, respectively. 


The accompanying cut shows the several component parts of the successful assembly. 































































































































































































































































































































And Other Effective Construction 


The method of constructing joints in sewer pipes is directly 
related to the success or failure of the construction of a sewer 
system. 


Those who are conversant with the many factors in the design 
of a sewer system, sewage treatment works, and allied units of 
construction, know the importance of restricting infiltration of 
the pipe lines to a minimum. 


The extent of infiltration is not only indicative of the general 
character of construction of the work performed. Low infiltration 
leads to economy in the operation of the system and works and 
reserves for future use the capacity of the pipe lines and works 
that otherwise would have been utilized through the conveyance of 
needless volumes of ground water. 


The effort put forth today in the treatment of sewage, which 
in a majority of cases requires initial pumping and in many 
instances secondary pumping, emphasizes the need of tighter 
sewers. It is readily discernible that every drop of water that 
enters the lines and is pumped and treated, invoives costs. 


There are unquestionably numerous factors directly related to 
the infiltration of pipe lines, but there can be no question that 
the most important factor entering into this particular phase of 
construction is the method of constructing the joints. 


In the established practice of awarding contracts to the lowest 
bidder, there is little or no definite assurance of the qualifications 
of the men who will do the work. Under prevailing conditions in 
public contracts a contractor is not selected on his record of 
satisfactory construction performance, but rather upon the price 
hid. While a contractor himself may be most willing to perform 
his contract satisfactorily, it is actually the men who work in 
the trench who are the keystone of performance. 


The Importance of Exacting Specifications. 


To afford these men the opportunity of producing satisfactory 
results, the engineer must of necessity know the conditions 
under which these men are to work, and provide in his specifica- 
tions such methods of construction as will enable these men to 
perform their work in a satisfactory manner. In addition, the con- 
tractor must cooperate with all of his facilities in an endeavor to 
produce the results desired. It is this thought that I have upper- 
most in my mind when planning and designing a system of sewers, 
for I fully realize that unless the men who actually do the work 
are provided with a suitable method of construction, the finished 
product will not be satisfactory regardless of their efforts. 


I have found that where a large portion of the sewer joints are 
to be under three or four feet head of water, that the dewatering 
of the trenches by the method of well points, has been the most 
successful means of providing favorable working conditions for 
the men making the joints in the trench. 


Value of Trench Dewatering by Well Points. 


This pre-draining of the construction area prior to the com- 

mencement of excavation does three things: 

First—It provides the contractor a dry ditch in which to work 
and also gives the inspector a better chance to inspect the 
joints. 

Second—It reduces by a considerable amount the need for 
sheeting and shoring. In the majority of cases of pre- 
draining the sides of the bank will remain standing, even 
in sand, with only skeleton bracing. 

Third—It eliminates all needs for special construction, such as 
concrete encasement or cast iron sewer. 


Ail of these things affect the cost and incidentally help to create 
tight joints, all of which is very important. 


From Proceedings of the Twelfth Annual Conference of the 
Maryland-Delaware Water and Sewerage Ass'n. 


PROPER SEWER JOINTING 


By WILLIAM A. GOFF 


Consulting Engineer, Philadelphia, Pa. 


Procedures to Preclude Infiltration 





After affording favorable working conditions for the men in the 
trench, the next step is to provide a suitable joining material and 
the method of its construction to obtain the desired objective. 


The Most Effective Joint. 


Outstanding are the bituminous joints, both hot and cold, 
Basically they are composed of coal tar or asphalt, mixed with 
powdered inert materials and either poured into the joint while 
hot and allowed to cool, or preformed joints inserted in the 
joint space and pushed in place when the pipes are assembled. 


Jointing with hot poured compounds has the advantage of com- 
pletely filling the annular joint space, more permanent adhe- 
sion to the pipe sides, and a degree of resiliency which will 
permit slight movements of the pipe line. 


Preformed joints have made their appearance on the market 
and have been used with various degrees of success. One pre- 
formed joint, consisting of collars of felt impregnated with these 
asphalt compounds, made in sizes to fit the commercial pipe 
sizes, is slipped over the spigot end of the pipe and forced along 
with the pipe by means of a mechanical jack, into the bell of the 
receiving pipe; the natural resiliency of the preformed joint 
distorting to fit the shape of the bell and spigot. Another pre- 
formed joint which has been used with good results is made by 
the use of metal dies clamped in the bell and around the spigot 
of pipes and poured with hot compound prior to lowering the 
pipe into the trench. At the time of assembly the two preformed 
collars are painted with a solvent and pushed together the 
solvent causing the collars to fuse and thus form the joint. 


Jointing Experience 


The type of joint which I have been using for the past seven 
years is the result of numerous experiments and actual field 
tests, and consists of the following: 


Oakum packing of approximately 1-inch in depth. 

A hot bituminous joint of approximately 114 inch in depth, 
and an outside cement mortar fillet wrapped in a muslin 
cloth tied tightlv in place. 


Such a joint sounds complicated, but my experience shows 
that after the ditch-men become experienced, the joint can be 
made rapidly and consistently perfect. Perhaps this joint does add 
a few cents to the per foot cost of the sewer, but what of that. 
The owner is buying a sewerage system and he wants a good 
one. It is distinctly worth while to avoid infiltration and all will 
agree that there is only one time to get tight construction and 
that is when the sewer is built. Any small initial increased cost 
of construction is soon compensated by the economies possible 
where the infiltration is negligible. 


Laying Specifications. 


In the construction of the joint I specify, the pipe be laid by 
two men, one holding the spigot end of the pipe in a “U” shaped 
sling consisting of perhaps two strands of jute at the end of the 
pipe while the other man pushes the pipe home from the bell end. 
After the pipe is home the front man wraps the oakum over the 
pipe and pushes it in place with a caulking iron, so as to provide 
proper space for the bitumen, while the back man tests the pipe 
for elevation with a grade rod from the line above and checks for 
line by a plumb bob from the same line, and makes such adjust- 
ments as necessary. He then moves forward, checks the subgrade 
for elevation and excavates bell and a length four inches longer 
than the circumference of the last pipe laid and determines if it is 
free of water. The next pipe is then handed down into the ditch 
and laid as before. The top man, before handing the pipe dowr, 
ties on the bell end of each pipe a piece of muslin with a width 
of six inches greater than that of the bell and a length four inches 
longer than the circumference of the bell. This cloth has been 
torn to provide tie strings at each of the four corners. Another 
man follows behind and places around each bell a runner fastened 
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with a clamp at the top. Into this runner mouth he pours the hot 
‘oint compound, being careful to keep runner filled at the top 
mr see that there is no leak at bottom or sides. 


When cold, the runner is removed and the muslin band pulled 
out under the joint and completely filled with a cement-sand 
mortar (1:2) to form a 45° fillet around the outside of the 
bituminous joint. The mortar is pushed under the pipe to fill 
the band and the cloth band is then pulled tightly up and tied with 
the two remaining strings across the top of the pipe. The joint 
man then encircles the pipe with his hands and makes sure that the 
muslin band is completely packed with mortar, especially at the 
bottom, and that the band is tight. He then draws his hands 
upward, pressing the joint and dresses the top. Of course the 
mortar must be fairly stiff. It is not as complicated as it sounds, 
and contractors who have worked under me are gencrally en- 
thusiastic after their men get the swing. It makes a good joint. 
The men know it. The inspector can check it. The contractor can 
see it and knows that future infiltration trouble is ended. 


Features of This Joint. 


The joint itself is correct. The oakum prevents the bitumen 
from getting into the pipe. The runner forms a tight channel 
for the bitumen which fills the annular space, adheres to the pipe 
surface and forms a tight joint. The bitumen can be readily 
inspected when the runner is removed. The cement collar rein- 
forces the bitumen and provides maximum reinforcement_where 
there is the greatest chance of a slip in the bitumen joint. That is 
as always, at the bottom. If by accident there should be a poorly 
poured bitumen joint the tightly packed cement mortar fillet will 
be forced into the hole and the rag will hold it there while the 
mortar hardens. The mortar fillets tends to give rigidity to the 
joint. The rag prevents backfill on a freshly made joint from 
disturbing the joint. 


Results. 

"Results in the use of this joint have proven remarkably suc- 
cessful. Nowhere have contractors failed to meet the severe 
infiltration limitations I have set up in my specifications where I 
have used this joint. 

In Harrington, Delaware, for instance, we constructed 8.08 
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miles of sewers, of which about fifty per cent was wet trench 
with an infiltration only 6.6% of the allowable. 

In Berlin, Maryland, we constructed 7.97 miles of sewer of 
which 30% was wet trench with an infiltration only 7% of the 
allowable. 














Percent of 

Other Records Miles allowable 
Spring City, Pa 9.59 27 
Florence, N. J 12.14 20 
Conshohocken, Pa. 25.08 3 
Georgetown, Del. 8.36 21 
Clarks Summit, Pa 18.99 68 





Think of it, even in the last case we have a 19 mile system with 
a total infiltration of only 3,790 gallons a day, or less than three 
gallons per minute. Then consider that a %-inch hole under a two 
foot head of water will give a flow over one-half gallon per 
minute. 

The infiltration limits I specify are as follows: 


Size of T. C. Gallons-per mile 


Pipe-inches in 24 Hours 
5— 6 4,000 
8 5,000 
10 6,300 
12 7,500 
15 9,500 
18—36 15,000 


In the above mentioned list of recent jobs well points were used 
on Harrington, Delaware; Berlin, Maryland; Florence, New 
Jersey, and Georgetown, Delaware. In all of these instances 
quicksand was met and in no case did we use any special con- 
struction method. 


Backfilling. 


In backfilling the trench care must be taken to use only fine 
soft earth around the pipe in order to minimize the possibility of 
cracking the pipe. This initial backfill should be placed equally 
on both sides of the sewer to prevent dislodging and be carried at 
least one foot above the top of the pipe and carefully tamped to 
insure equal solid side foundation around the sewer pipe. 





SEWER ODOR TRAPS FOR MANHOLES 
AND INLETS 
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Cincinnati Sewer Odor Traps 


To hold in sewer gases and prevent the emanation of objection- 
able sewer odors from storm inlets to combined sewers and sewer 
manholes the here sketched swinging flap-gate arrangement has 
been designed and installed in Cincinnati by the Department of 
Public Works. 

The trap for inlets (left) consists of a swing gate of % in. 
metal, fabricated and installed as sketched. The gate flap, rein- 
forced and weighted with an angle iron welded across the bottom, 
opens inward under force of storm water and returns to closed 
position thereafter. 

The trap for manholes consists of swing gates on all inlet 





sewers entering the manhole (right) and are apparently intended 
to preclude odors and gas from working back up-sewer rather 
than to prevent cdors emanating at the top of the manholes so 
equipped. Naturally, the latter source of sewer odors can be 
corrected by plugging what appear to be of more hazard and 
detriment than of help—the vent holes in manhole lids—and em- 
ploying rattle preventing “Tapax,” or its equivalent, for sealing 
the space between the lid and the manhole frame. 

It will be noted that non-corrodible metal and bituminous coat- 
ing are used to preclude corrosion of the flap gates and hinges 
employed in manholes. 
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THE JEFFREY MANUFACTURING COMPANY 


SANITARY ENGINEERING DIVISION 
996-99 North Fourth Street, Columbus, Ohio 
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Houston New York Scranton 
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Jeffrey Mfg. Co., Ltd. of Canada—Head Office and Works: Montreal 





















GRIT ( Patented ) 


COLLECTORS 
Three types for grit channel 
mechanism; scraper, V- 


bucket and a combination of 
the two. Scraper type shown 
left—V-bucket type with 
horizontal and vertical runs 
below. Latter type is ideal 
where space is limited or 
where grit must be carried 
to a considerable height. 











Dried Sludge Grinders Sludge Elevators 


PRODUCTS: Sludge Collectors Bar Screens Scum Collectors Grit Collectors Grit Washers 
Floctrols Chemical Feeders Sewage Screenings Grinders Garbage Grinders 
Conveying and Elevating Equipment 





Typical installation (above) of Jeffrey Sewage Treatment Plant showing rectangular 
tank design. Jeffrey collectors will remove sewage sludge effectively and economically. 


GRIT WASHERS The Jeffrey Jigrit method of 

Puss) washing grit has been proved 
—will remove from 70% to 90% of putrescible solids, 
the washed grit being free from objectionable odors or 
unsightly appearance. Two sizes with capacities from 1 
ton to 4 tons per hour. Drawing below is of the No. 4 
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THES JEFFREY MANUFACTURING COMPANY 


SCREENS AND GRINDERS eee 
Efficient apparatus for removal and disposal of as 

sewage screenings—Jeffrey combination Screen 
and Grinder. Takes care of disposal of sewage 
screenings, which are removed by grinding to a 
pulp and returning to the sewage. Pulped screen- 
ings will pass 
the pumps, 
settling out 
with sludge 
in primary 
tanks. 


Reg. U. S. Pat. Of. 


Installation view be’ow shows two mechanically- 
ceaned bar screens and one screenings grinder in a 
large sewage treatment plant. Screens operate on auto- 
matic time control—screenings hand fed to grinder. 
Th:s makes an ideal combination for removal and dis- 
posal of screenings 







































Jeffrey inclined bar screens— 
heavy duty type (above) for 
handling flow up to 300 M. G. 
D. Screen on the left was de- 
signed for small plants. It is. 
factory assembled to eliminate 
field erection cost. Will handle 
maximum flow of approximately 
12 M. G. D. 


Jeffrey screens are cleaned by 
rake mechanism, teeth passing 
between the bars as rake moves 
- upward. Operation is entirely 
automatic and controlled electri- 


JEFFREY WAYTROLS cally. 


Continuous and accurate weigh-feeding 
of dry chemicals assured with this Jef- 
frey Waytrol. It will feed and weigh to 
within 1% of the required amount—rate 
of feed can be varied over a wide range 
by merely turning a knob. Maxi- 
mum accuracy and response with 
this versatile unit—beam does no 
work except weigh. Once set at a 
given rate, the feeder will auto- 
matically maintain it, regardless 
of density or moisture change. 


(Patented ) 


Jeffrey sewage and 
water treatment 
equipment 
has been installed 
in some of the 
largest plants in 
the country—mu- 
nicipal as well as 
Victory projects, 
cantonments, air 
bases, etc. Write 
for complete engi- 
neering informa- 
tion. 








As diagram above shows, 
the Waytrol embodies three 
features to insure super- 
accuracy: all-electric feed- 
ing, a synchronous weigh 
belt on scale beam and 
automatic all-electric con- 
trol, sensitized through 
“electric brain.” 


(Patented ) 


JEFFREY “FLOCTROL”—a new process for pre-clarification of 
turbid waters. While using a minimum of chemical coagulant, it condi- 
tions water to obtain substantially complete removal of solids in sedi- 
mentation basin. Can be used for treating sewage and was*e water, water 
softening and industrial processing. Low first cost—minimum of short 
circuiting—low chemical cost—tapered mixing—no mechanical adjust- 
ments. 





Drawing below illustrates the Jeffrey flocculation unit with compart- 
mental arrangement. From influent to effluent end, the flocs build up 
progressively, as a snowball in rolling. 
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AN IMPROVED METHOD OF VELOCITY 
CONTROL IN GRIT CHAMBERS 


By RALPH J. BUSHEE, Designing Engineer 
Chas. W. Cole & Son, South Bend, Ind. 


Part |—Method of Velocity Control 


THE problem of designing a grit chamber with a control sec- 

tion that will give a constant velocity at all flows is essentially 
that of making the shape of the depth versus cross-sectional area 
curve of the grit chamber fit the depth versus quantity/velocity 
curve of the control section. The earlier approach to this prob- 
lem consisted in the development of the so-called proportional 
weir, which had a straight line depth-quantity characteristic as 
is needed with grit chambers of rectangular cross-section. While 
the velocity control obtained by this method has been satisfactory, 
there is a disadvantage in that for proper operation of the weir, 
the entire head in the grit chamber must be lost. 

In order to make use of control sections, such as the Parshail 
and Venturi flumes, which require a smaller loss of head for their 
operation, Camp‘’ and Holmes™ have proposed that the shape 
of the grit chamber be adapted to fit the head-quantity curve of 
the control section. By this method it is possible to reduce the 
loss of the head to as little as one third of the depth of flow in 
the grit chamber. The disadvantage of this method is that the 
resulting cross section is not the most economical one to build, 
and moreover, it is not well adapted for most mechanical cleaning 
mechanisms. The slope of the side walls may be quite flat in 
some cases. Barker“ has suggested that this last difficulty could 
be solved by building two or more chambers for one control 
scetion. 


A Proposed Method 


There is, however, a third solution to this problem which makes 
it possible to use a grit chamber with a rectangular cross section 
in conjunction with a flume, or any other control section for that 
matter, and still get a velocity which is very close to that desired 
over a wide range of flows. 

This method consists essentially in determining the relationships 
so that the straight line depth versus cross-sectional area curve of 
the rectangular grit chamber lies as closely as possible to the 
depth versus quantity/velocity curve of the control section, over 
the range of flows being considered. To accomplish this, two 
relationships must be determined; first, the ratio of the width of 
the grit chamber to the width of the control section which gives 
the closest average slope of the two curves; and secondly, the 
relative elevations of the bottoms of the control section and of 
the grit chamber which result in the closest position of the two 
curves. The determination of these two relationships can best 
be made graphically and the curves of Fig. 1 are used for the 
solution with a free-flowing venturi flume. It will be understood 
that the method is perfectly general and can be used for any type 
of control section for which a curve can be drawn. 


A Specific Example 


The formula for the flow through a rectangular free-flowing 


Venturi. flume is 

(1) Q =3.09 b H’*” 
where “Q” is the flow in second feet, “b” is the width of the 
flume in feet, and “H” is the total energy head (depth plus veloc- 
ity head) above the flume. 

The middle curve in Fig. 1 is for the above formula with 
b=1.0. In order to be able to determine the velocity limits 
within which we are working, curves of 0.95 Q and 1.05 Q are 
also shown. 

As an example, assume a grit chamber 4 feet wide with a max- 
imum capacity of 8 m.g.d. or 12 sec.-ft. At 1 foot per second 
velocity the depth at maximum flow would be 3 feet. Lay a tri- 
angle tangent to the lower curve and at such an angle that the 
difference in ordinates between the point where the edge of the 
triangle cuts the OY axis and the point where it intersects the 
upper curve is 3 feet. The point where the straight edge cuts 
the OY axis, in this case 0.62 feet, is the distance that the bottom 
of the flume must be below the bottom of the grit chamber. 

To determine the required width of the control section, draw a 
line through the zero point parallel to the above line. A point 
on this line is E=1.0 and Q/b= 6.7. Thus with a foot in the 
grit chamber, corresponding to 1.62 feet total energy head on 
the flume, a flume 1 foot wide will pass 6.7 sec.-ft. Since the 
amount required for the assumed grit chamber 4 feet wide is 4.0 
cec.-ft., the width of the flume should be 4.0/6.7 of 1 foot or 
0.597 foot, or 7.15 inches. It will be noted that between depths 
of 0.4 and 3.0 feet in the grit chamber (heads of 1.0 and 3.6 on 





the flume), corresponding to flows between 1.1 and 8.0 mgd 
the theoretical velocity through the grit chamber will be between 
0.95 and 1.05 feet per second. This range of flows, with the 
maximum of seven times the minimum, is sufficient for most 
conditions. 


Correction for Fillets 


Most grit chambers have fillets at the bottom. With hand 
cleaned grit chambers this allows the cross-baffles, or other means 
of demarcation of the grit storage space, to be removed for the 
manual cleaning of the chambers. With mechanically cleaned 
chambers it allows the installation of cleaning devices with scrap- 
ers or buckets shorter than the width of the chamber. Where 
such sloping sections are installed it is merely necessary to main- 
tain the total cross sectional area of the grit chamber below the 
top of the fillets. 

Thus in Fig. 2 the areas omitted (1 + 2) must be equal to (3), 
the area added. The cross-sectional area of the original grit 
chamber below the top of the proposed fillets is b X d. The 
area of the new section below the same line is ab — ac = 
a(b —c). Equating these and solving for (a — d), which is the 
distance that the bottom of the new section must be lowered, we 
obtain 

ac 
(a —d) =— 
b 


Returning to the example employed, suppose that it is desired 
to install fillets 0.75 foot wide (c) and 1.0 high (a). Then it 
will be necessary to lower the bottom of the grit chamber in 

0:75 xX 10 
respect to the bottom of the flume by ——-—-——-— = 0.19 foot. 
4.0 


And the bottom of the control section will be 0.62 — 0.19 = 0.43 
foot below the bottom of the grit chamber. 

After the control section has been determined, it is well to 
check the design computations to see what velocity may be ex- 
pected. 

Table 1 
Velocities Through Grit Chamber 





—_— Flume ———— Grit Chamber ——————— 
Cross 

Total Water Section 

Head, Flow, Depth, Area Velocity, 
Ft. Sec.-Ft. Ft. Sq. Ft. Ft./Sec. 
0.93 1.79 0.50 1.44 1.24 
1.43 3.16 1.0 3.25 0.97 
1.93 5.09 £5 5.25 0.97 
2.43 7.05 2.0 7.25 0.97 
2.93 9.32 25 9.25 1.01 
3.43 11.9 3.0 11.25 1.03 


Note that the introduction of fillets has increased the velocity 
at the 0.5-foot depth in the grit chamber. Without fillets the 
velocity at this depth would have been 1.08 feet per second. How- 
ever, the results are close enough for this case, and in cases 
where they are not, the design can usually be improved with a 
little cut and try. 


Part II—The Control Section 
Sections Considered 


Theoretically, any control section for which a head flow curve 
can be drawn can be used with the above method. From the 
standpoint of construction, however, the Parshall and the rec- 
tangular Venturi flumes offer advantages. 

The Parshall flume would at first sight appear to be the ideal 
section to use, as it has a solid background of experimental data, 
and is made with plane surfaces which permit of easy construc- 
tion. Unfortunately, however, the maximum depths commonly 
used in the design of grit chambers are beyond the range of 
the experimental data available for Parshall flumes. There is 
also some difficulty in interpolating smaller sizes of Parshall 
flumes which are of somewhat different shapes. This difficulty 
could be solved by making the width of the grit chamber cor- 
respond to that of one of the standard flumes. 

If a Parshall flume is used, it is to be noted that the head 







g 
considerable proportion of the total head. 


Free Flowing Venturi Flume 


jven in the formula is not the total head above.the flume, as in 
some cases the velocity head at the point of measurement is a 


Where there is sufficient loss through a Venturi flume to allow 
it to occur, the quantity passed by the flume will be the maxi- 


mum 


possible for the total head available. The flume is then said 


to be free flowing and formula (1) will apply. In general, free 
flowing conditions may be assumed in a Venturi flume when the 
loss of head is not less than one-third of the total head above the 
flume. The formula is a rational one and is obtained as follows: 


(2) Q=baV: 
Ve 

(3) de +—-=H 
2 


(by Bernoulli's theorum neglecting friction) 
Where Q, H and b are as previously given, and dt and Vt are 
depth and velocity respectively at throat of flume. 
Solve for Vt in (3) ; substitute it in (2) ; solve for dQ/ddt, and 
2H 
equating it to zero, derive dt = —— 
3 
as the ccndition giving the maximum value of Q. 
Substituting 2/3 for dt in (2) and (3), 
solving for Vt in (3) and substituting in 





(2) gives 
Zz 





2g 
(4)Q=— ( oe ) '/*bH?/? = 3.09 b H’/” 
3 


ee 3 





It is reasonable to suppose that the short- 





est possib’'e transition section ahead of ihe 
throat which would avoid a too abrupt 





change in flow conditions would be the one 
in which the slope of the water surface was 





uniform. 





In addition to the definiations given above, 











let ‘“‘mb” equal the width at a section at a 
distance of “nL” above the throat, “h” the 
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water depth at this section, and “L” the 
leneth of the section between the grit cham- 
ber and the throat of the flume (Fig. 3). 


nL 
Then (5) h= 2/3H + 1/3H —— 
8 


H 
=—— (2+ n) 
3 








5 10 IS 20 0 =—25 
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Flow in Sec-Ft per Foot Width of Flume = Q/b 


v" 
(6)H=h+— 
2g 


Q* 








Fig. 1—Flows per Foot of Width of The Venturi Flume 


for Various Heads. 
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Fig. 2—Method of Correcting for Fi'lets 
in Design. 





(7) Vi = ——— 
m*b*h* 
and (4) Q= 2/3 (2/3g)'/*bH"”* 
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Substitute these values of h, V and Q in equation (6) and the 
equation reduces to 
2 


(8) m= — — 
(1—n) ‘7 (2+ n) 
The following table gives the relationship expressed in the 
above formula : 





TABLE 2 
Factors for Designing a Flume with Uniform Slope of Water 
Surface 
n = Factor tor 
Distance M = Factor 
Above Throat for Width of Section 
0 1.0 
0.1 1.005 
0.2 1.02 
0.3 1.04 
0.4 1.08 
0.5 1.13 
0.6 1.22 
0.7 1.35 
0.8 1.60 
0.9 2.18 
1.0 00 


Returning to the example employed, suppose we assume that 
the length of the transition section will be the equal to two-thirds 
of the maximum assumed depth of flow, or 24 inches. This will 
correspond to a maximum water surface slope of 3 to 1, as the 
depth at the throat will be two-thirds the head in the grit cham- 


ber. Also assume a length of throat of 0.2 of the depth, or 7.2 
inches. Assume the return section with the same 3 to 1 surface 
slope. Then, since the minimum loss of head that we have as- 


sumed is equal to the velocity head at the throat section, it does 
not appear necessary to be concerned with the recovery of this 
velocity head. Make the return section 18 inches long, which 
allows for a theoretical recovery of 50 per cent of the velocity 
head. The total length of the control section is then 24 + 7.2 + 






18 or 49.2 inches. Using the above table and the established 
throat width of 7.15 inches, we obtain a flume of the following 
shape. The width has been divided by 0.97 to allow for friction 
loss ahead of the throat. 


TABLE 3 
Design of Control Section 
Distance Width of 
from Grit Section = 
Cham- 7.15 m/.97 
ber, Ins. Factor n Factor m Ins, 
2.4 0.9 2.18 16.2 
4.8 0.8 1.60 11.8 
oo 0.7 1.35 9.9 
9.6 0.6 1.22 9.0 
12.0 0.5 1.13 8.3 
14.4 0.4 1.08 7.9 
16.8 0.3 1.04 1a 
19.2 0.2 1.02 1a 
21.6 0.1 1.005 7.4 
24.0 0.0 1.0 74 
27.6 0.0 1.0 74 
31.2 0.0 1.0 7.4 
34.8 0.1 1.005 7.4 
38.4 0.2 1.02 7.5 
42.0 0.3 1.04 7.7 
45.6 0.4 1.08 8.0 
49.2 0.5 BE 8.3 
Figure 3 shows the outline of the finished design. It is, of 


course, not essential that the flume be made with curved sides as 
shown. This design appears to make for the shortest possible 
length of control section. If straight sides are used, the approach 
section ahead of the throat should be longer. It is necessary that 
the throat be of sufficient length so that the free-flowing condition 
is well established. 
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"DRY CLEANING" AIR DIFFUSER PLATES 


By A. M. RAWN 


Chief Engr., Los Angeles County Sanitation Districts. 


Associate Editor WateR WorKS AND SEWAGE. 


KY= RY once in a while someone does something that makes one 
4 stop and wonder why it has never been done before. Or, if 
ever done, why he has not heard of it. 


Maybe. you have been in Southern Calfornia when, due to 
“unusual weather conditions” the winter temperature drops below 
freezing and the citrus growers start the orchard smudge-pots to 
warm up the whole outdoors and keep the crops from freezing. 
If you have, you may recollect that upon such occasions the air 
in the orchard area is so filled with thick, oily smoke that one 
cannot see a hundred feet. This winter has been such a one and 
for a number of days early this month (January) millions of gal- 
lons of oil have been burned in the smudge-pots. 

Now this may not seem to have anything to do with sewage 
disposal, but strange enough it does have. 

The city of Ontario lies right in the heart of the citrus grove 
area and, in consequence, was encompassed in a dense smoke fog 
for some time. During this period the operator of the Ontario 
activated sludge plant noticed that the pressure on the air lines 
was steadily increasing at the blowers. Attributing it to the oily 
carbon in the air, as most likely responsible for the clogging of 
the diffuser plates, he made every effort to cleanse the air by 
straining it through several thicknesses of cloth over the air inlet 
to the blowers. The cloths were changed frequently but to no 
avail. And, pressures at the blower mounted from 5 to 7% 
pounds over night. 

Obviously the diffuser plates, which had operated for more than 
a year with no building up of pressure, had to be cleaned. The 
finely divided carbon and oil in the smoke had doubtless spread 





quite uniformly through the p!ate pores. The orthodox manner 
of cleaning would have been to remove the plates and clean them 
up with a solvent and, if not successful, burn out the volatile ma- 
terials, possibly. The city engineer had other ideas, however, and 
instead of bringing the plates to the solvent the solvent was taken 
to the plates. A scheme for injecting the solvent into the air 
stream from the blowers was put into operation. 


What was actually done was to slowly pump “Aviation” grade 
of gasoline into the airline and beyond the blower. Two gallons 
of gasoline was fed into the pipe slowly during a 24-hour period. 
It did the job all right, because during this period pressures 
dropped back to normal and the trouble was completely cured. 
So far, there has been no injurious effect upon the quality of 
the plant effluent or the behavior of the sludge. 


This struck the writer as being a most unique method of over- 
coming a serious difficulty. Mr. Austin Burt, Ontario’s city en- 
gineer was “the brains” behind this “solvent-solved situation” ; 
and H. M. Ely, as chief operator of the plant, was “the brawn.” 


In his latest advice to the writer the “inventor” of diffuser 
dry cleaning states: “We have had to apply our gasoline remedy 
to the diffuser plates seven different times during the more than 
two weeks of smudge conditions. Each time the pressure was 
brought back to normal, and thus far we have been unable to 
detect any serious consequences in the operation of the plant. 
Altogether, we used seven and one-half gallons of aviation gaso- 
line at the total cost of only $1.16 and feel pretty good at saving 
the trouble and cost of emptying the tanks, removing and clean- 
ing the plates.” 








SEWAGE AND SLUDGE PUMPING 


By HENRY RYON 


Late Senior Engineer 
State Department of Public Works, Albany, N. Y. 


Part I—Sewage Pumping 


During the past several years a very marked improvement 
has been made in the methods of pumping sewage and sewage 
sludge, and special pumps have been developed for this service. 
Only a few years ago, however, practically all sewage was 
lifted with pumps designed primarily for handling water. 

The centrifugal dredging pump driven either by a steam 
engine or an electric motor was used with a fair degree of 
success at many stations. While this pump would handle sand 
and gravel satisfactorily, rags would wrap themselves around 
the impeller and necessitate frequent cleaning of the pump 
either through hand holes in the volute or by the removal of 
the side of the case. It was not very efficient and the head 
was limited. The smaller and higher speed centrifugal pump, 
used successfully for pumping water, gave more trouble, due 
to clogging, when used for pumping sewage, than the dredging 
pump. 

Reciprocating pumps were used in many cases. These pumps 
clogged about as easily as the centrifugal pumps; and, if there 
were any sand or grit in the sewage, gave trouble due to the 
scoring of cylinders. At one or two large stations the crank 
and fly wheel pump was used and operated satisfactorily princi- 
pally because of its large size. The ordinary duplex steam 
pump served in a few cases. The single acting triplex pump, 
equipped with ball valves, although not entirely free from clog- 
ging, proved to be the most satisfactory of the reciprocating 
pumps and was used, and is still being used, successfully for 
pumping both sewage and sludge. Its cost is, however, greater 
than that of a centrifugal pump and it is rather noisy. It is 
worth noting that the design of the most modern reciprocating 
sludge pumps have apparently been copied from the old single 
acting triplex pump. 

At almost all of the old pumping stations the sewage was 
passed through bar or mesh screens to remove the rags and 
other solids from it before it reached the pumps. The clean- 
ing of the screens always proved a laborious and unpleasant 
task, and did not entirely do away with the necessity of clean- 
ing the pumps. 


The Pneumatic Ejector 


In order to eliminate the trouble of cleaning screens and 
pumps, the pneumatic or compressed air ejector was developed. 
This device, which was first used about fifty years ago, operates 
by allowing the sewage to flow into an ifon or steel chamber 
and, when the chamber is full, automatically admits com- 
pressed air above the sewage thus forcing it out through the 
discharge line. The mechanism operates very successfully, and 
stories are told of ejectors having been lost for several years 
and when rediscovered were found to be operating satisfac- 
torily. It requires, however, air compressors, air tanks, and 
other appurtenances which make the first cost and also the 
maintenance expensive. In addition to this, the efficiency is 
very low. The overall or wire to water efficiency when the 
compressors are operated by electricity vary generally from 
10 to 20 per cent. At present, due to the improvements in the 
design of centrifugal pumps, ejectors are being used less and 
less except in the very small stations or for sludge and screen- 
ings handling. 


Pump Impellers 


The improvement in the centrifugal sewage pumps has been 
largely in the design of the impellers or runners. There are, 
in general, two types of pump impellers, the open and the 
closed. The open impeller gives larger water ways with the 
same size casing, but solids clog between the impeller and the 
casing and rags wrap around the impeller blades. Increasing 
the clearances to reduce clogging, of course, reduces the effici- 
ency and does not prevent rags from stopping the flow. Open 
impellers, generally with only two blades, serve well in small 
sump pumps and also in sewage pumps of small capacities 





where a closed impeller small enough to give the desired capac- 
ity would not pass solids of any size. In most cases, however, 
the closed or semi-enclosed impeller is to be preferréd. 


In the design of closed impellers for handling sewage, the 
water passages have been made wider than in water pumps, 
all sharp edges and turns have been carefully avoided, thus 
reducing the chance of clogging to a minimum. As a general 
rule pumps with impellers of this type will pass solids having 
diameters about one pipe size smaller than the size of the 
pump. One manufacturer is producing a pump with a worm 
feed to force the solids to the impeller of the pump and also 
cut and crush them against hard steel bars running longitud- 
inally of the screw case. Pumps of this type are giving sat- 
isfactory service in several western stations. A rather unique 
impeller is used in some English pumps. The impeller is open 
on the suction side and the blades are considerably wider at 
the shaft than at their ends. The edges of the blades pass 
very close to bars set on the inside of the case and macerate 
the solids entering the pump. 


It is customary to require the impellers of the pumps to 
be made of bronze but with ordinary sewage there seems to be 
no advantage in the use of bronze as compared with that of 
cast iron. A few pumps have been installed having cast iron 
impellers coated with enamel and they are said to be giving 
satisfactory results. The manufacturers claim a slightly higher 
efficiency for this impeller than can be obtained with the bare 
metal impeller. 


Submerged Vertical Pumps 


For the smaller installations probably the submerged vertical 
centrifugal pump is the most commonly used. The sump may 
be made of cast iron or steel or may be of concrete. The 
motor and pump are both supported on a removable iron 
cover so that the pump can be lifted out of the sump for 
cleaning and repairs. Enough head room must, of course, be 
provided to allow the suction to clear the top of the sump 
when the pump is lifted out. It is also desirable that the 
discharge be brought up through the same plate so that it 
may be easily disconnected. In unheated pump houses, however, 
it is sometimes impossible to do this without danger of the 
sewage in the discharge line freezing. Where short separate 
discharges can be used, freeziug can be avoided by omitting 
the check valves and allowing the sewage in the discharge 
pipe to flow back into the sump after each discharge. If 
screens are to be omitted it is usually advisable to provide 
a pump not smailer than 3 inches in size. Such 2 pump will 
have a capacity of from 50 to 300 gallons per minute, depend- 
ing upon design of the impeller and the speed of the motor. 


Float Controls 


Sewage pumps are usually automatic in operation and the 
arrangement of the float control deserves more attention than 
it generally receives. The float may be connected to the electric 
switch either by a push rod or by a chain running over pulleys 
with a counterweight to balance the float. Either method 
operates satisfactorily if properly arranged. Floats that hang 
unprotected in the sump are apt to be moved sideways by the 
motion of the sewage causing the chain or rod to bind, or 
the rod to bend, making the float inoperative. In some designs 
the rod has a guide at the bottom to prevent such motion. 
but if the rod sticks in the guide or leaves the guide its inac- 
cessible location makes it very difficult to repair. The lever 
float, sometimes used, has generally proved very unsatisfactory 
for sewage because rags are apt to collect on the lever and 
prevent its operation. As in the case just mentioned it is 
generally very difficult to reach such a float to repair or adjust 
it. The best design is one in which the float is arranged in a 
tube to guide and protect it and a removable cover plate 
provided over the tube so that the float can be readily lifted out. 
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Pumps in Separate Dry Wells 


For the larger pump stations, and even in the small stations 
when the conditions will permit, the installation of the pumps 
in a separate dry well makes the most satisfactory arrangement. 
This leaves the pumps and their appurtenances accessible for 
repairs and adjustment. The pumps may be either vertical 
or horizontal. The vertical pumps have the advantage of requir- 
ing a smaller pit and of keeping all electrical equipment above 
ground and free from danger of flooding, while on the other 
hand the horizontal pumps are easier to keep in adjustment and 
alignment. If the pit is deep, one or more guide bearings will 
probably be required on the shafts of vertical pumps as it is 
necessary to divide the shafts into lengths of not more than 
8 or 10 feet to prevent vibration. I-beams are usually set 
across the pit to carry these bearings, but it is often difficult 
to set these beams so as to get a perfect alignment of the 
shaft. In order to avoid this difficulty, several manufacturers 
are building steel lattice frames extending from the motor 
to the pump. The pump and motor can then be aligned at the 
factory with very satisfactory results. In some cases the 
motor, shaft and pump have been attached to a heavy channel, 
aligned at the factory, and shipped as a unit. 


With the pumps in a separate dry well it will usually be 
necessary to provide some means for removing seepage from 
the well. This may be done with a separate automatic sump 
pump, or, if a cheaper installation is desired, a small valved 
connection may be made from the suction of one of the main 
pumps to a sump and the sump emptied at intervals by closing 
the main suction valve and opening the connection to the sump. 


Design of Suction Well 


The shape of the bottom of the suction or wet well is of 
considerable importance. If it is left flat, solids will collect 
in the bottom and ferment giving rise to unsatisfactory con- 
ditions. The floor of the wet well should have a steep slope 
toward the pump suctions. 

In some cases where the sewage is warm and contains con- 
siderable grease, trouble has been experienced due to the 
grease congealing on the walls of the well and then breaking 
loose in large pieces and entering the pumps and clogging them. 
The openings in the impellers of 4-inch horizontal sewage 
pumps have been stopped several times by this cause. 


Bearings and Glands 


There does not appear to be very much choice in regard to 
the type of bearings used, ball bearings and sleeve bearings 
seem to serve equally well provided they are properly oiled. 
Ball bearings are, however, usually provided to take the thrust 
or to carry the weight of the impeller of a vertical pump. 
The part of the shaft that passes through the stuffing box 
should be of bronze or covered with a bronze sleeve otherwise 
difficulty will be experienced in keeping the packing in condi- 
tion. This stuffing box is usually provided with a water seal, 
although grease seals and special devices are sometimes used. 
In water pumps the water for the seal is usually taken from 
the volute of the pump. With sewage pumps, however, this is 
not advisable for the solids in the sewage are apt to clog the 
small passages and also because the grit in the sewage will 
reach the packing and cut the pump shaft. To avoid the pos- 
sibility of the pollution of the clear water with sewage, the 
water must usually be taken from a constant level tank sup- 
plied from the water lines and not directly from the lines 
themselves. With double suction and open impeller pumps, 
if there is a suction lift, there will probably be vacuum on 
the pump side of the stuffing box and the water seal serves 
to prevent the entrance of air. With end suction pumps, with 
enclosed or semi-enclosed impellers, there may be a pressure 
on the pump side of the stuffing box. The water seal then 
serves to prevent the grit in the sewage from reaching the 
packing and cutting the shaft. The pressure on the water 
seal should of course be greater than the sewage pressure. 

Centrifugal sewage pumps will operate satisfactorily if set 
as high as 15 feet or even a little more above the sewage 
level, but in such cases special priming devices must be pro- 
vided for the ordinary method of priming, by filling the suction 
trom the discharge line, cannot he used because it is inadvis- 
able to attach a foot valve to the bottom of the suction. While 
special priming devices can be used, it is better, if possible, 
to locate the pumps below the level. 






Efficiency and Head 


The non-clogging centrifugal pumps will generally give over 
all efficiencies varying from 35 per cent for the smaller sizes to 
65 per cent for the larger pumps. The lift of sewage pumps is 
usually low and most of the pumps are designed for heads 
under 40 feet but pumps can be obtained that will lift sewage 
against heads as high as 75 or even 100 feet. Beyond this 
head two stages are needed, but the ordinary type of multi- 
stage pump used for water cannot be used because of the many 
sharp turns and the narrowness of the water passages. At 
a station where it was necessary to raise sewage 180 feet, 
two pumps connected in series on the same base, with the 
motor between them, have been used successfully. The overall] 
efficiency of the unit was found on test to be 35 per cent. 


Hydraulic Characteristics of Centrifugal Pumps 


With centrifugal pumps, careful attention must be given to 
the hydraulic characteristics of the pumps in designing a pump- 
ing station, particularly if the discharge line is of any consid- 
erable length. 

If an engineer desires a pump to deliver 300 gallons per 
minute against a head of 20 feet he is very apt to add a little 
to the head for safety and specify that the pump shall deliver 
300 gallons a minute against a head of say 21 feet. A typical 
4-inch pump will meet these specifications almost exactly, and 
will require about 24% horsepower to operate it and, a 3-horse- 
power motor will serve satisfactorily. If, after installation, 
it is found that the actual head is only 18 feet instead of 21 
feet, due to some unforeseen condition or due to the fact that 
the engineer figured his friction for 10 year old pipe and the 
pipe is actually new pipe, this pump will deliver 600 gallons 
per minute instead of 300 gallons per minute and will require 
3% horsepower. The 3-horsepower motor will in that case 
be overloaded. Conditions similar to this occur very frequently 
and it is best in all cases to require the motor to be of suf- 
ficient size to operate the pump without overheating at any 
head between the maximum and zero. 

When two or more pumps are connected to the same dis- 
charge line, the reverse condition often occurs. If two pumps, 
having the characteristics mentioned above, are connected to 
a single discharge line, one pump operating alone will discharge 
300 gallons per minute. When both pumps are put in operation 
the friction loss in the discharge line will of course increase. 
With the particular 4-inch pump just mentioned, if this increase 
is only about 1% feet (from 21.0 feet to 22.6 feet) the dis- 
charge of each pump will be reduced to 200 gallons a minute 
or the total discharge of the two pumps will be about 400 gal- 
lons per minute or only slightly greater than the discharge 
of one pump. For this reason it is often found desirable, 
especially with long discharge lines, to arrange the controls 
so that one pump will shut off entirely and the second pump, 
designed for a larger capacity and a little higher head, will 
start when the sewage flow exceeds the capacity of the first 
pump. 

Multispeed motors are sometimes used to meet these condi- 
tions but such motors operate only at certain fixed speeds and 
it is generally difficult to design the pumps to obtain the 
desired capacities at these motor speeds. Any desired speed 
may be obtained by using variable speed motors, but if this 
is done the losses in the resistances greatly reduce the overall 
efficiency of the pumping equipment. 

At the Harlem Valley State Hospital pumping station which 
contains 8 4-inch 450 gallon per minute pumps, a special arrange- - 
ment was used. As each additional pump starts the friction 
loss in the discharge line increases approximately 6 inches. 
The controlling float and float switches are so arranged that 
as each additional pump starts the sewage level in the suction 
well is automatically allowed to rise 6 inches. Thereby, the 
total head, and consequently the discharge of each pump, always 
remains the same and has proved a distinct advantage. 


Suction Line Difficulties 


There are several matters in connection with the arrangement 
of centrifugal pump suction lines, particularly where there 
is some suction lift, which, while they seem very simple, have 
caused engineers and operators considerable trouble. There 
must be no high point in any suction line where air or sewage 
gases may accumulate. When the pump is started the accumu- 
lated air will expand, flow to the: pump, and stop its operation. 
The reducer at the pump must for this reason always be an 
eccentric reducer with -the flat side up. Connections to a 











common suction header must for the same reason be made 
at the top of the header and not at the center of the side. In 
some extreme cases it has even been found necessary to place 
the suction valves horizontally so as to avoid the accumulation 
of air in the bonnets. Common suctions, that is, single suc- 
tion lines to which two or more pumps are connected, are 
a source of trouble in many cases where there is a suction lift, 
and wherever possible should be avoided. It is often difficult 


in such cases to make each pump take its share of the load. 
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When one pump is in operation it is often impossible to start 
the second without shutting down the first and starting both 
together. A slight leak in the stuffing box of one of the idle 
pumps will many times admit enough air to interfere with the 
operation of the other pumps. Even when the pump that is 
not to be operated is entirely shut off, air will frequently 
accumulate in the riser from the common suction to that 
pump and will expand when the other pump or pumps are 
started and enter them and prevent them from operating. 


Part II—Sludge Pumping 


Pumps designed for moving or lifting sewage sludge may, in 
general, be divided into two distinct classes, displacement pumps 
and centrifugal pumps. Since these two classes differ radically 
in their design and operation and present entirely different prob- 
lems for those in charge of them, it is necessary to consider them 
separately. The advantages and disadvantages of each class are 
matters which engineers and operators are not entirely agreed 
upon. Displacement pumps are unquestionably more easily primed 
than centrifugal pumps when there is a suction lift and will 
probably handle small quantities of sludge more readily than 
centrifugal pumps, but beyond this it is doubtful whether the 
advocates of either class will admit the superiority of the other. 


Displacement Pumps 


The modern displacement pumps used for handling sludge are 
always of the single acting reciprocating type, and are usually 
electric motor driven plunger pumps having one, two or more 
cylinders. The makes most commonly used generally have 
cylinders about ten inches in diameter and strokes adjustable from 
about two to five inches. The pumps are connected to the motors 
by gears, belts or chains and the motion transmitted to the 
pistons by walking beams or eccentrics. Each manufacturer 
apparently believes that the transmission used by him is the 
best, but in practice there seems to be little difference. 


Transmission 


Certain matters in connection with the transmission are, 
however, of importance. If it is desired to have the pump run 
smoothly it is usually best to keep the speed of the main pump 
shaft below about thirty-five revolutions per minute. This gives 
a piston speed of thirty feet a minute or less, a low figure as 
compared with the usual figures for water pumps; but the 
strokes of these sludge pumps are very short and the frequency 
of the reversals seem to be of more importance than the actual 
piston speed. Pumps of this type are generally arranged so that 
the length of the stroke can be changed by shifting an eccentric 
or, which amounts to the same thing, altering the length of the 
crank arm. This makes it possible to obtain several different 
rates of discharge, but experience indicates that the use of the 
shorter strokes is not always entirely satisfactory. The pumps in 
most cases do not operate as smoothly with the short strokes as 
with longer ones, the slip is greater and the efficiency lower. The 
use of multi-speed motors and variable speed transmissions, 
although more expensive, afford a more satisfactory and efficient 
method of changing the pump capacities to suit the conditions, 
and where available should be used in preference to changing 
the length of the stroke. 


Packing 


Like all reciprocating pumps the sludge pumps must be packed 
to prevent leakage between the pistons and the cylinders, and 
this packing is one of the most frequent causes of trouble in the 
operation of the pumps. The packing may be either on the 
cylinder 6r the piston. Generally it consists of from 4 to 6 rings 
of % inch to % inch packing held in place by an adjustable metal 
ring or gland. If the packing is too tight, scored pistons or 
cylinders and broken shear pins will be the result. If the pack- 
ing is too soft, too loose or improperly placed it will leak. and 
since the pumps are outside packed this means that the pumps 
and probably the floor around them will soon be covered with 
sludge which does not add to the attractiveness of any sewage 
treatment plant. Opinions differ as to the most satisfactory type 
of packing. Generally a square braided flax packing serves as 
well as any. A graphited packing may be desirable to prevent 
unsatisfactory conditions due to rust where the pumps stand idle 
for a considerable time. Rawhide packing is satisfactory but 
does not seem to be necessary except with certain chemicals. 
The packing must fit and must be properly placed. In cutting 
the packing it is well to use a template into which a piece of 
packing exactly the length of one ring can be fitted. In this 


way each ring will have the same length and the same bevel. 
The method of oiling the packing varies with the make of the 
pump. Generally it is found that a fairly heavy oil such as a 
good grade of cylinder oil gives the best results. Oils known as 
“500 W” and “Marine Pump Oil” are in common use. A light 
oil disappears very rapidly. Under continuous operation the 
packing will usually last about 3 months, but under intermittent 
operation it may last a year or two. Manufacturers have recently 
been giving more attention to the finishing of the pistons and 
cylinders, in some cases grinding them. This has made it easier 
for operators to keep sludge from leaking between the pistons 
and cylinders but has not done away with the necessity for 
careful packing. 


Valves 


Each cylinder of a reciprocating pump necessarily has an inlet 
valve and a discharge valve. These valves may be weighted flap 
valves or ball valves. Each type has its advocates although at 
present the ball valves seem to be preferred by most operators. 
Spring loaded poppet valves which operate satisfactorily in water 
pumps obviously cannot be used for liquids containing an appre- 
ciable amount of solids. No mater which type is used the 
valves will require some attention from the operator. With raw 
sludge the valves may require cleaning from two to three times 
a day to two or three times a week. If the pump is handling 
activated or secondary tank sludge, cleaning will of course be 
required less frequently. Fibrous material will collect under the 
hinges or flap valves and rags will accumulate under ball valves 
holding the valves off their seats and rendering the pump inopera- 
tive. Metal flap valves wear at the hinges so that the flap will 
not seat properly and soon require replacement. Valves of rub- 
ber with rubber hinges clog less frequently than metal valves 
because of their smoother surfaces, but the rubber hinges are 
inclined to swell and split and it is difficult to turn them back 
for cleaning. Ball valves are usually of rubber moulded on an 
iron core. If they are to operate satisfactorily, careful attention 
must be given to the quality of the rubber, the balance of the 
valve and the weight of the core. Valves made of a poor 
quality of rubber will sometimes swell and stick, and cases are 
on record where the rubber has softened so as to allow the ball 
to be forced into the piping stopping the pump. The valve must 
balance or the ball will always seat at the same point and wear 
rapidly. The weight of the valve must be suitable for the con- 
ditions under which it will operate. 


Pounding or Knocking 


One of the most frequent complaints heard regarding the 
operation of reciprocating pumps is that they knock or pound. 
This is due to various causes. Since sludge lines are usually com- 
paratively short, the high water hammer stresses sometimes en- 
countered at water pumping stations are seldom of importance, 
but the flow of liquid in the suction and discharge lines must be 
stopped and started with each stroke (single cylinder pump with 
no air chamber), the valves must close and in doing so strike 
the seat, and each stroke causes a reversal of stresses in the 
piston, the crank and the connecting mechanism. These condi- 
tions cause pounding which cannot in all cases be entirely elimi- 
nated. The subject is too complicated to be discussed in detail 
here. 

The stresses and pounding due to starting and stopping the 
flow in the discharge line can be generally alleviated by the use 
of an air chamber, but the air chamber must be large to be of 
any value. The same thing is true of the suction line, although 
an air chamber is not so frequently used at this point. One 
manufacturer provides a small air inlet valve on the suction of 
the pump which if properly adjusted seems to make the pump 
operate more smoothly, but of course somewhat reduces its 
capacity and efficiency. 

Valve slam is sometimes due to the fact that the direction of 
flow through the valve reverses and acquires considerable ve- 
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locity before the valve closes. This velocity may then carry 
the valve to its seat rapidly enough to cause a heavy blow when 
the motion of the valve and the liquid is suddenly stopped. This 
reverse flow of water through the valve is of course slippage 
and reduces the efficiency of the pump as well as causing valve 
“lam. The valve should, for these reasons, be heavy enough and 
«0 arranged as to close as quickly as possible, and yet not inter- 
fere with the operation of the pumper by reducing the area of 
the ports. 

The knocks due to the reversal of stresses in the different parts 
of a pump are the same as those which occur in any reciprocat- 
ing machine. If there is any lost motion in a main bearing, 
eccentric, wrist pin or other part there will be a knock each time 
the stresses are reversed. The remedy is obvious. All bearings 
must be properly adjusted and kept properly lubricated. 


Centrifugal Pumps 


Centrifugal pumps, if they are to handle sludge successfully, 
must pass solids without frequent clogging. This makes it 
necessary to use end suction pumps at least 4 inches in size with 
as few bends and sharp corners in the liquid passages as possible. 
The impellers usually have only two blades with long sweeping 
curves and are either fully enclosed or have a shroud on one 
side. Open impellers clog very rapidly when the liquid con- 
tains rags. Even with these precautions, it is generally desirable 
to have hand holes or other means of access to the interoir. 

One pump manufacturing company equips its centrifugal sludge 
pumps with a screw to force the sludge into the pump and to 
macerate the solids as they enter. Pumps of this type have been 
in operation at a number of plants for several years. Similar de- 
vices are being made by some other manufacturers but have not 
as yet come into extensive use. 


Capacity and Regulation 


A 4-inch centrifugal pump will readily discharge 100 gallons 
a minute and in some cases as low as 50 gallons a minute, but if 
capacities below this are necessary some difficulty is apt to be 
experienced unless provision is made for reducing the speed 
below that which can be obtained by a direct connected motor. 
Variations in head, of course, cause variations in the capacity 
of a centrifugal pump and if a definite quantity of discharge is 
required some method must be provided to compensate for these 
v: riations. In many plants it is necessary to change the quantity 










of sludge delivered from time to time and provision must be made 
for so doing. Theoretically, throttling might accomplish these 
ends, but throttling is not desirable when pumping sludge. 1 
careful adjustment of the quantity of sludge delivered is neces- 
sary the only practical method of regulations seem to be to 
change the speed of the pump. Variable and multi-speed motors 
will do this within limits but are not as satisfactory as some of 
the variable speed transmissions available. These transmissions, 
while expensive, make it possible to obtain almost any capacity 
within the limits of the pumps. It must not be forgotten, how- 
ever, that a centrifugal pump will give its highest efficiency at 
one definite speed and capacity and that as the speed and capacity 
are changed the efficiency may fall off rapidly. This is naturally 
of more importance when the pumps are in continuous operation 
than when they are operated intermittently. 


Priming and Seals 

Centrifugal pumps will not handle air and when they are used 
careful consideration must always be given to priming and to 
the elimination of air pockets in the suction line. To facilitate 
priming, centrifugal pumps should if possible be set below the 
surface of the liquid in the suction well. If the pump must be 
set above the level of the liquid some means of priming must be 
provided. Foot valves which are often used with water pumps 
will not serve satisfactorily with pumps handling sludge. Vacuum 
systems are available and operate satisfactorily if kept in condi- 
tion, but- mean added expense of installation and more equipment 
for the operator to maintain. 

The impeller shaft of every pump of this kind must pass 
through the pump casing and therefore requires a stuffing box 
to prevent leakage. On water pumps these stuffing boxes are 
provided with water seals and the water taken from the pumps. 
The material handled by a sludge pump is not, however, suitable 
for the seals and water must be obtained from some source. 
A direct connection to the water system cannot be used due to 
the danger of polluting the water supply with sludge. If the 
building is high enough a small tank fed over the top and con- 
trolled by a float valve may be used as a source of water. The 
height of the tank must be greater than the discharge head of pump 
or the sludge will be forced into the packing and probably result 
in the scoring of the shaft. If the tank cannot be set high enough, 
a small pump may be used to supply water to the seal. Grease 
seals and other special devices are sometimes used but are not as 
satisfactory as water seals. 





PACKING POINTERS 









The following suggestions and warnings, based on the many 
years of practical experience of a prominent eastern packing man- 
ufacturer, will be found valuable in the installation of packings. 
To follow them may mean freedom from trouble that would 
occur when even the best packing is improperly installed. 


















1. NEVER fail to make clear to the manufacturer what the 
packing is to pack. In other words, with what will the 
packing make contact? 

rs NEVER guess at a size, diameter, width, or height, when 
ordering packing. Many failures result from sma!l errors 
in dimensions. 

3. NEVER allow too little or too much clearance between 
follower plate and inside cup wall, or any metal parts be- 
hind any upright leather wall. Clearances of 1/16” to 
3/32” on each side, depending on size of packing, is rec- 
ommended. 

4. NEVER doctor packing lips with a pocket knife or file, 

or batter lip in installing. A rounded lip destroys the seal. 

Packings can be softened by soaking in warm water if 

necessary. 

NEVER apply cup packings with flange too high for 

clearance at the head of the cylinder. Keep systems clean, 

so sediment will not co'lect in cylinders and wear the 
packing. 


wn 


M.E., Newark, N. J 





6. NEVER apply cup packings to end of badly worn plun- 

gers; pressure will force the packing down into clearance 

between plunger and cylinder. Leather washers cut from 
old cup packings can be made to reline such equipment to 
proper dimensions. 

NEVER apply “U” packings where plungers are worn 

without reinforcing under the heel with leather cushion 

rings. 

8. NEVER look for long service on scored plungers or in 
scored cylinders; resurface or reline such equipment to 
proper dimensions. 

9. NEVER allow water to corrode cylinder walls, plungers, 
stems or rods. Use an anti-rust agent that will prevent this 
and will act as a lubricant. 

10. NEVER squeeze hemp or fabric filled “U” packings in 
g'ands where such packings are to replace solid section 
compression packings; set gland up to point where os. 
packings are free to function properly. 


NI 


The above suggestions were contributed by W. F. Schaphorst, 





Hackensack, New Jersey 


RALPH B. CARTER COMPANY 





EQUIPMENT FOR SEWAGE TREATMENT AND WATER PURIFICATION 


CARTER SLUDGE PUMPS 

The installation of Carter Sludge Pumps in a large majority of today’s 
modern sewage plants is proof of established merit. Exclusive features 
include: Flanged connections throughout the pump; renewable valve 
seats ; successful elimination of all pump pound by an adjustable auto- 
matically maintained air cushion in the pump cylinder; babbitt lined 
eccentrics ; properly balanced fly-wheel on the main shaft ; chain drive 
and herringbone reducing gears. 


Capacity control by adjustable eccentric drive, by variable speed trans- 
mission enclosed with the motor housing, or by variable speed, slip- 
ring motor. 


Capacities from 31.8 to 382.2 GPM, heads from 50 to 115 ft. 


ALTERNATING SYPHONS 
For filter beds in a complete range of sizes from 6” to 14”. Fully 
automatic in operation. 


CARTER IMPROVED FLOCER—WITHOUT 
PADDLE AGITATION 


10% to 25% shorter detention period. 
Negligible power consumption. 
Low cost installation and maintenance. 


A series of flat discs, each with a segment removed, slowly 
rotated. 


Agitation is set up by flow of liquid through the open 
segments. 


Settling occurs between discs during the travel of the open 
segment in the upper half of rotation. Flocs are not cut up 
with a final result of a floc of sufficient size to settle rapidly 
by the time the mixture passes into the settling tank. 


PADDLE TYPE FLOCERS AND AERATORS 


Certain conditions require increased air diffusion in acti- 
vated sludge treatment. The Ralph B. Carter Company 
manufactures a full line of paddle mechanisms. Careful 
design of shaft and bearings assure long trouble-free life 
under the necessarily difficult underwater operating 
conditions. 


“HUMDINGER” PORTABLE SELF-PRIMING 
CENTRIFUGAL PUMPS 


The only patented priming control guaranteeing 28' suction lifts. A com- 
plete line of dewatering pumps including 2”, 3”, 4’, 6” and 8” units. In- 
valuable for general plant usage. Successfully used for pumping out Imhoff 
and other type settling tanks, breaking scum, or washing down tank sides. 


SLUDGE CONDITIONERS AND MIXERS 

Consult Carter engineers to assure the effective mixing required for proper 
digestion of sludge. Standard and Pump type rapid mixers also are built for 
chemical treatment. 





Sludge Pump 








Portable Pump 








































































COMPUTING HORSEPOWER FROM REVOLVING 





WATT-HOUR METERS 


A simple method of accurately measuring power consumption 
is of general interest to the owner or operator of any elec- 
trically driven pump. A periodical record of the power con- 
sumption, capacity of the pump, and the measurement of the 
pumping level assists in maintaining operation at maximum 
efficiency and gives an indication as to the proper time for 
reconditioning or modernizing the installation. 

The power consumption is measured by the Watt-Hour 
Meter, usually located on the switchboard in the pump house 
adjacent to the motor. Large units require current and/or 
potential transformers, so that the watt-hour meter reading 
must be multiplied by the ratio of these transformers to obtain 
the correct measurement of power consumption of the motor. 

A motor which draws 200 amp. at 440 volts may be metered 
through current transformers rate 200 amp. primary and 5 amp. 
secondary, so that 5 amp. would pass through the watt-hour 
meter. No potential transformers being used, the watt-hour 
meter reading, multiplied by the ratio of 200 to 5, would give 
the amount of power in the main circuit. 

Asssuming that a motor draws 600 amp. at 2300 volts, poten- 
tial as well as current transformers are required. If the ratio 
is 60 to 5 amp. on the current, and 2300 to 115 on the potential 
transformers, the watt-hour meter reading multiplied by the 
ratio of 60 to 5 and in addition, by the ratio of 2300 to 115, 
will give a true measure of the power consumption in the main 
circuit. The correct ratio is usually stamped on a brass name- 
plate attached to the transformer. 

Disk constants and multipliers for practically all modern 
watt-hour meters now in use for single and three phase, 110-220- 
440 volts are shown in the chart below. 


Use of Chart 


First determine the make, type, volts and amp. of the meter. 


If no current or potential transformers are used, refer to the 
chart and determine M value for the meter. The M X rpm 
of disk = hp. input to motor for example, a meter, G.E., type 
D-3, 220 volt, 15 amp., K = 4.0, M = .3217, number of revo- 
lutions of disk in one minute = 20. Then .3217 X 20 = 6.434 
h.p. input to motor. 

As another example consider an installation where current 
transformers having a ratio of 20 to 1 are used. Meter, West- 
inghouse type OA, 220 volt, 5 amp., K = 1%, M = .1027, num- 
ber of revolutions of disk in one minute = 21. Then, .1072 x 
21 X 20 = 45.02 h.p. input to motor. 

Disk constants K are included in the accompanying chart 
because occasionally the manufacturer’s nameplate has been 
removed, in which event the constant K is marked on the meter, 
To determine the M value in such cases, find a K in the table 
corresponding to that on the meter in question. The M apply- 
ing will be the one adjacent to and on the right of this K. 


Definitions : 

K—A constant which represents the number of watt- 
hours passed through the meter while the disk makes 
one revolution. 

M—A factor which, when multiplied by the number of 
revo:utions of the disk, in one minute, gives hp. 
input to motor. 

Mathematically, M = K X 60 


746 
The h.p. values expressed above relate to input to motor. 
The rating of motors is in terms of h.p. output. Therefore, 
the h.p. output or brake h.p. is determined by multiplying the 
h.p. input by the motor efficiency, which can be obtained from 
the motor manufacturer. 


Chart of Constants and Multipliers 
For Use in Determining KW Input, HP Input or BHP from Revolutions of Watthour Meter Disks 
110 Volt—Single Phase 






































-—— GENERAL ELECTRIC— SANGAMO WESTINGHOUSE 
Amp ] 1-10 1-14 1-16 B, C, OA, OB 
K M K M K M K M K M K M 
ace nba oarne 3 0241 25 .0201 zs 24) 6 .0483 5/24 .0168 ¥y, .0268 
ee 6 0483 5 .0402 6 .0483 1.2 .0965 5/12 .0335 %% .0536 
- eee ees 1.0 0804 75 .0603 9 0724 1.8 1448 5/8 .0503 1 0804 
OS he secg ee wns 1.5 1206 1.25 1005 1.5 1206 3.0 2413 25/24 0838 1% 1340 
Se ee 3.0 2413 2.5 .2011 3.0 2413 6.0 .4826 21/12 1676 3% .2681 
220 Volt—Single Phase 
GENERAL ELECTRIC SANGAMO WESTINGHOUSE 
Amp. 1 1-10 1-14 1-16 B, C, OA, OB 
K M K M K M K M K M K M 
dese eotegravss oui 6 .0483 zs 0402 6 .0483 1.2 0965 5/12 .0335 x% 0536 
eee 1.25 .1005 1.0 .0804 1.2 0965 2.4 1930 5/6 .0670 1% 1072 
ee 2.0 1609 1.5 1206 1.8 1448 3.6 2895 11/4 1005 2 1609 
Ee eee 3.0 2413 25 2011 3.0 2413 6.0 4826 21/12 .1676 34% 2681 
— eee her 6.0 4826 5.0 4021 6.0 4826 12.0 .9651 41/6 3351 6% 5362 
110 Volt—Three Phase 
GENERAL ELECTRIC SANGAMO WESTINGHOUSE 
Amp D-3 D-6 & D-7 D-14 C, OA, OB, RO. 
K M K M K M K M K M 
ee age AP 6 0483 6 0483 : .0965 5/12 0335 2/3 .0536 
Sr ee 1.25 1005 | .0965 2.4 .1930 5/6 .0670 11/3 1072 
a ae Se 2.0 .1609 1.8 1448 3.6 2895 11/4 1005 2 .1609 
> eee. 3.0 2413 3.0 2413 6.0 4826 21/12 1676 31/3 2681 
. Eee. 6.0 4826 6.0 4826 12.0 .9651 41/6 3351 6 2/3 5362 


(Continued on next page) 











220 Volt—Three Phase 





























GENERAL ELECTRIC SANGAMO WESTINGHOUSE 
Amp. D-3 D-6 & D-7 D-14 H C, OA, OB, RO. 
K M K M K M K M K M 
| ORS 1.25 1005 LZ .0965 2.4 1930 5/6 .0670 11/3 172 
Be a cone Sead 2.5 .2011 2.4 1930 4.8 3861 12/3 1340 22/3 2145 
Mie 2. teaeus eons 4.0 3217 3.6 2895 7.2 5791 21/2 2011 4 3217 
MSR Ss yctiie arnt Fe k 6.0 .4826 6.0 4826 12.0 .9651 41/6 3351 6 2/3 5362 
OS ro 12.5 1.005 12.0 .9651 24.0 1.930 8 1/3 .6702 13 1/3 1.072 
440 Volt—Three Phase 
GENERAL ELECTRIC SANGAMO WESTINGHOUSE 
Amp. D-3 D-6 & D-7 D-14 H C, OA, OB, RO. 
K M K M K M K M K M 
Ms oe Susteren aalniate 2.5 .2011 2.4 1930 48 3861 1 2/3 1340 22/3 2145 
SEA oe 5.0 4021 48 3861 9.6 7721 31/3 2681 51/3 .4289 
MDS. civ andunsliteroe ee 75 .6032 PB 5791 14.4 1.158 5 4021 8 6434 
. re ae ae 125 1.005 12.0 .9651 24.0 1.930 81/3 6702 13 1/3 1.072 
MOS oe: 2. tan tveatniatoeen 25.0 2.011 24.0 1.930 48.0 3.861 16 2/3 1.340 26 2/3 2.145 
hp. Input = “M” x Revolutions per minute of Disk Important—Where instrument transformers are used, be sure that figure 
hp. Input=“K” x Number of Revolutions x 3600. computed from revolutions of disk and table be multiplied by ratio of 
instrument. transformers. 
Sec. x 746 (From Byron-Jackson Bulletin, “Deep-Well Turbine Pumps.”) 





Velocity and Discharge Diagram for Vitrified Clay Sewer Pipe 


(Courtesy, Clay Products Assn.) 


VELOC/TY AND 
DISCHARGE DIAGRAM 


HUTTER'S FORMA. n=.0l/ 
Q= DISCHARGE in cub: ft. per sec. 
=VELOCITY in lin? ft. per sec. 

Geo.C.D. Lenth 
Consulting Engineer, O hicago . 
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(Example: Assume 12 cu. ft. per sec. as the flow to be handled. The gradient for instance, to be a 0.2 ft. per 100 ft. rum. 
Follow to right from gradient figure 0.20 on left until Q12 dotted line is intersected. The vertical line found at that point 
indicates that a 24 inch sewer is required. Also from the nearest velocity curve V4 at the intersection it is revealed that 


the velocity will be 3.8 ft. at full or half full flow.) 










































































































































































































































































































































































































































METERING MODERN SEWAGE WORKS 





By ROBERT T. REGESTER 


Consulting Engineer, Baltimore, Md. 


Flow measurement furnishes an essential part of a treatment 
process. 

In general, the extent to which Venturi metering equipment is 
provided in sewage works increases with both the capacity of the 
plant and the completeness, or degree, of treatment to be accom- 
plished. 

In many large American cities, where sewage works have been 
constructed and enlarged within the past ten years, local condi- 
tions have warranted the highest’ degree of treatment. Ac- 
cordingly, works of the activated sludge type were built. 


"Complete" Metering 


There is a decided trend toward “complete” metering—espe- 
cially for works of the activated sludge type. This type of 
works, providing complete treatment together with the pumping 
of raw sewage, offers the most numerous applications for meter- 
ing equipment. The trend is justified from the standpoints of 
both proper process functioning and operating economy. This 
tendency is reflected in several more recent designs where pro- 
vision is made for the parallel operation of similar tanks under 
different flow conditions. The best combination of variable rela- 
tionships thereby can be determined: Of course, operation in this 
manner is intended to be periodic, as the occasion demands, rather 
than regular. By such means, unfavorable influences can be 
observed and closer control effected. The works can serve the 
role of a full-scale pilot plant. In very large works, batteries of 
similar tanks can take the place of individual tanks so arranged. 

Activated sludge works are extensively mechanized and elec- 
trified. They present a somewhat complicated arrangement be- 
cause of the multiplicity of treatment units and process steps. 
The diagrammatic arrangement here shown serves to illustrate 
the application of metering equipment for both measurement and 
regulation of flows to the principal units. This typical layout 
assumes groups of four units arranged for maximum flexibility 
and control. 


Measurement of Raw Sewage 


It is often necessary for raw sewage to be pumped from the 
outfall sewer to such elevation as will produce gravity flow 
through the entire plant. Individual centrifugal pumps are 
metered so that periodical checks can be made on the efficiencies 
of the respective units. These meters may be equipped with only 
portable manometers, calibrated directly in rate-of-flow units. 
On the other hand, individual indicating-recording instruments 
would show at a glance the immediate performance and would 
also provide a record of past performance for each pump. This 
latter scheme is not uncommon in pumping station design. 

It is most desirable to provide means for readily ascertaining 
the total sewage flow to the works. This can be accomplished 
either by summation (electrically and continuously) of the rates 
of flow through the individual pump meters, or by providing a 
separate master sewage meter. In the case of divided flow after 
pumping, to suit an immediate or future duplicate arrangement 
of plant, a separate master meter should be provided to serve 
each half of the layout. 

In a large plant it is convenient to have an indication of the 
total sewage rate of flow at several strategic locations other than 
at the sewage pumping station. Electrically-operated transmit- 
ers and indicators are now used to repeat the summation or 
master meter readings to such remote points. 


Primary Settling Tank Control 


It is desirable to have individual settling tanks perform equal 
duty. As a means of equalizing flows to the units of a battery 
of these tanks, individual meters with regulating valves can be 
advantageously used. The valve can be of one of several types, 
either hydraulically or electrically operated, inserted in the re- 
covery tube of the meter for each tank. This permits the use of 
a smaller size valve. To minimize the effect upon meter accu- 
racy, the valve should be placed at least two throat-diameters 
downstream from the throat pressure chamber. The indicating 
instruments and valve controls can be arranged, for operating 
convenience, on a control table or panel. 


Aeration Tank Control 


In the aeration tanks, a properly-proportioned mixture of set- 
tled sewage and return sludge from the final settling tanks is 
agitated and maintained in an aerobic condition by the introduc- 
tion of compressed air. 





The settled sewage, return sludge and air can be metered in- 
dependently just prior to entering each aeration tank. The sew- 
age and return sludge then mixes upon entering the tank. The 
air is distributed lengthwise of the tank through porous diffusers 
arranged along one wall so as to produce a spiral flow of the 
mixture. When all three meters are arranged at the inlet end 
of each tank, they can be grouped within the gallery which is 
usually provided, for the various pipes and feeding channels 
along the full width of a battery of aeration tanks. 

With an arrangement of independent meters, each meter can 
be equipped with a regulating valve, as previously described, to 
permit individual control. For the return sludge, a Venturi rate- 
of-flow controller may be used, instead of a meter with regulat- 
ing valve, for each tank. In either case, an automatic control 
to maintain a predetermined rate can be provided. 

A five-dial ratio gauge for the three meters of an aeration 
tank has been developed. This gauge will indicate, or indicate 
and record, the rates of flow of air, sewage and return sludge 
using the first, third and fifth dials, respectively. The second 
dial will give the ratio of air to sewage, calibrated in cubic feet 
per gallon. The fourth dial will give the ratio of return sludge 
to sewage, calibrated in percentage of the sewage flow. The 
gauges are mounted on control tables which also contain the 
controls for the respective regulating valves. 


Final Settling Tank Control 


Final settling tanks remove the floc from the mixture which 
leaves the aeration tanks. The clarified supernatant liquor passes 
off as the final treated effluent, to be discharged into the receiv- 
ing body of water. Meters with regulating valves may be used 
to equalize the flow of these tanks in the same manner as de- 
scribed for the primary settling tanks. This may only be desir- 
able in the case of numerous units where perhaps one unit is 
likely to be out of service frequently. Otherwise, the effluent 
from each aeration tank can flow directly to a corresponding final 
tank by suitably arranging either stop planks or sluice gates. If 
these meters are included, they can be grouped with the aeration 
tank meters in the same gallery, provided that the aeration tanks 
are of a two- or four-pass type. 

For the withdrawal of activated sludge from each final tank, an 
automatically controlled regulating valve with meter, or a rate 
controller, is very desirable. There are several other devices, 
such as adjustable overflow pipes and air lifts, which are also 
used for controlling the rate of sludge withdrawal. Here again, 
indicating and recording instruments, controls and push button 
stations for various motor-driven equipment can be grouped on 
suitable control tables or panels. 


Measurement of Air 


In the blower house, each centrifugal blower is provided with 
a Venturi meter on the intake to measure the flow of free air. 
These meters are essential for the efficient operation of the 
blowers and should be provided with individual indicating-record- 
ing instruments. 

As in the case of the total sewage flow, it is also desirable to 
provide means for readily ascertaining the total compressed air 
flow from the blower house, and for repeating this reading in 
terms of free air to other locations. The previous remarks re- 
lating to the master sewage meter apply equally well to a master 
air meter. . 


Measurement of Sludge 


The measurement of sludge has been a problem in sewage 
works because of the nature of the material and the relatively 
small flows encountered. The Kennison nozzle meter is now be- 
ing used for this service. The nozzle is of special free-blowing 
design, utilizing the depth produced by a shaped outlet as the 
rate-of-flow function. The nozzle is equipped with an indicating- 
recording instrument. These nozzles can be used for measuring 
the raw sludge and the excess activated sludge prior to digestion. 


In Conclusion 


The cost of providing “complete” metering does not become a 
major item in the overall cost of sewage works designed for 
complete treatment. This cost, excluding regulating valves and 
special control devices, will approximate 3 to 5 per cent of the 
total cost. : 

In addition to the applications of Venturi metering equipment 
already discussed, there are many other special uses for related 
devices in modern sewage works, especially for control and regu- 








lating purposes. These include automatic pump controllers, sam- 
pling devices, by-pass regulators, constant liquid level controllers 
and the like. Many such applications comprise combinations of 
proven mechanical and electric elements backed by the experience 
and integrity of reputable manufacturers. However, it is the de- 
signing engineer’s province to originate and supply these com- 
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binations for specific problems. Following in the path of indus- 
trial advances in the art of automatic control, sanitary works, 
too, are being so equipped. Most of the features described herein 
were embodied in the designs for the Columbus and Baltimore 
activated sludge works, with both of which the writer has been 
or is now associated. 
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COPPER SULPHATE AS AN AID TO SEWER MAINTENANCE 
AND SEWAGE TREATMENT 


By JOHN W. HOOD, Superintendent 


Sewage Treatment Works, Ridgewood, New Jersey 


ASED upon our experiences in Ridgewood, N. J., the bene- 
B tits to be derived from the application of copper sulphate to 
sewers and house service lines are the following: 

1—Odor Control. 

2—Reduction in Chlorine Requirements. 

3—Better and Less Costly Treatment at the Plant. 

4—Root Removal. 

Not the least of these is the last item, which, together with 
the other benefits noted, should interest superintendents of sew- 
erage systems and treatment plants in this powerful and effective 
copper salt as an aid in sewer maintenance and plant operation. 


Odor Control and Reduction of Chlorine Demand 


Sulphuretted hydrogen odors, sewerage systems and sewage 
treatment plants have been so closely associated for so long that 
they have come to be identified as an inevitable combination. 
George W. Fuller, in a chapter of his text devoted to desul- 
phurization, writes as follows: “There is no known way of pre- 
venting the formation of H.S, which is released from organic 
sewage matters by a great variety, and perhaps most kinds of 
bacteria ... In the event that it is true that there are but very 
few species of bacteria capable of producing hydrogen sulphide 
through the reduction of the mineral sulphates, it may be feasible 
to find some way of destroying such growths. It would be 
better yet to find some means of preventing such growths from 
becoming seeded in works on account of the importance otf 
guarding against the resulting solvent actions that disintegrate 
masonry and metal structures. It seems to bea fruitful field for 
the laboratory man to develop.” 

These excerpts are typical of the numerous texts which were 
canvassed. 

A remarkable aspect of the H:S problem at the Ridgewood 
Sewage Treatment Plant was the heightening of odors during the 
winter months, when sewage influent temperatures ranged be- 
tween 34° F. and 40° F. 

Chlorine demands of sewage entering the plant had been va- 
riously determined at bewteen 25 and 35 ppm. 

A portable chlorinating station was located on the trunk line 
upstream from the plant and as much as 150 pounds per day, 
or 16 ppm., based on the flow, were necessary for the control 
of H.S odors alone during these winter months. 

Thinking in terms of the biochemical aspects of the problem, 
microscopical examinations of fungi samples taken from various 
points in the sewer system were made. 

A predominance of Beggiatoa, a motile filamentous fission fun- 
gus, which morphologically resembles the algae oscillaria, was 
disclosed by these examinations. The ciliated protozoon, Para- 
maecium, Was very numerous and active within the parent struc- 
ture of Beggiatoa, moving briskly in all directions. Uroglena was 
also well represented. These three being the major groups, no 
further examination was made for other types present. 

Five out of six references were of the opinion that Beggiatoa 
existed in symbiosis with one or more species of so-called true 
sulphur bacteria. The sixth reference, “Bergey’s Manual of 
Determinate Bacteriology” (Williams and Wilkins), stated that 
Beggiatoa was capable of reducing sulphates, secreting the armor- 
phous sulphur within their cells, as had been observed in the 
microscopical examinations. In view of the preponderance of 
Beggiatoa it was felt that the sixth reference was in this case 
the correct one and that no state of smybiosis existed. 

Having failed to dislodge these extensive growths of sulphur 
bacteria from the system by the application of chlorine, the use 
of copper sulphate was next considered. On referring to the 
Nichols Copper Co. publication on the application and uses of 
copper sulphate, it was noted that five parts per million of CuSO, 
were necessary to destroy Beggiatoa and work was immediately 
begun on its application. 

Small doses of the chemical (a grade of medium crystal size 
being employed) were placed in terminal manholes and inter- 
mediate intersection manholes, where inspection disclosed that 
the fungus was growing profusely. 

Two barrels of CuSO, was thus distributed in the system over 
a period of several days, and upon completion of this work the 
flushing of sewers was commenced. It was reported that in 
some lines the pipes were literally filled with the dislodged fun- 
gus. As a result of this preliminary treatment and several subse- 
quent treatments of the sewerage system with CuSO, odors were 


eliminated to such an extent that up-sewer chlorination was dis- 
continued and pre-chlorination at the plant proper was necessary 
only during the warmer summer months. 

A saving of more than $1,000 per annum for chlorine for odor 
control at Ridgewood has resulted from the copper sulphate 
treatment on the sewerage system. 


Root Removal 
Cleaner Sewers and Better and Cheaper Treatment 


Chemical coagulation difficulties at the Ridgewood Treatment 
Works were found to be due to a high pH-alkalinity equilibrium, 
and this condition was in turn found to be caused by septization 
and attendant mineralization of the sewage in the sewerage 
system. Close watch on sewer troubles disclosed that they were 
mostly due to roots entirely clogging the house connections. Vis- 
ualizing each pipe as being wholly or partialiy clogged by fibrous 
root tendons, it was obvious that sewage solids would be retained 
on the up-stream side of the “mat” to decompose, while the 
filtrate seeped through in course of time. This condition afford- 
ed an ample structure within which the ready evolution of anae- 
robic life and activity, attended by favorable conditions of little 
or no air, warmth, and fresh organic matter daily could proceed. 


A Study of Treatment of House Connections 


Several connections whose outlets were available for sampling 
were selected from a sewer map. They were located in sandy 
terrain and it was not unexpected that the owners, when approach- 
ed for permission to experiment, readily granted the desired per- 
mission and told of repeated sewer trouble and plumber bills. 

The property owner was informed of our intention to use 
copper sulphate and it was specially emphasized that CuSO, 
had no magic qualities; that it merely had a toxic property capa- 
ble of killing live roots which would in time break loose or 
disintegrate and be swept out by the flow of sewage. It was 
also emphasized that these root growths within the pipe were 
10-15-20 year standing; that we had no way in which to ascer- 
tain the extent of their infiltration and the amount of copper sul- 
phate which would be necessary to kill them all. 

Success crowned these efforts and a comparison of analysis made 
before and after the copper treatment showed that in all cases 
the pH-Alkalinity equilibrium had declined. When subsequent 
determinations disclosed a calcium carbonate equilibrium more 
nearly resembling the city water, the connection was considered 
clear and no further treatment given. 


Results Noted 


A short street of seventeen homes having a bad record of 
sewer stoppage due to roots was next tackled. After several 
weeks the determination showed a decline in equilibrium from 
pH 7.9 and alkalinity of 435 ppm. to pH 7.7 and alkalinity of 227 
parts. It is important to state that before the copper treatment 
of house connections in this street, the sewage was not respon- 
sive to any dose of chemical coagulant, whereas afterwards it 
was found to be amenable to chemical clarifications with much 
smaller doses than had been previously tried. 

When a year had elapsed from the completion of work on 
this street, each connection was gone over with sewer cleaning 
equipment. All connections were found clean and clear, no roots 
being brought out by the equipment. 

As a result of these applications of copper su!phate crystals 
to the sewers in the streets, and a relatively small percentage of 
the house connections, the influent to the plant has been brought 
within such limits of the calcium carbonate equilibrium the year 
around as to be amenable to chemical precipitation at a mate- 
rially lowered cost. ‘ 

Some years ago Merle F. Koblish of the General Chemical Co. ' 
applied the calcium carbonate equilibrium yardstick to his coagu- 
lation problems in Long Island and reported as follows: 

1. pH 7.0 and Alkalinity of 100-125. (Very easy and cheap to 
coagulate. ) 

2. pH 7.5 and Alkalinity of 125-175. (Increasing difficulty.) 

3. pH 7.5 to 8.0 and Alkalinity of 200 ppm. or over. (Difficult 
to treat.) 

This has been the writer’s experience also and if copper sul- 
phate can be employed to modify the equilibrium it is obvious 
that treatment difficulties will diminish. However, this is only 
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true of high equilibrium due to the bio-chemical processes going 
forward in the root masses. Where industrial wastes are the 
cause, it would seem that dilution would effect the necessary 
modification. 


Some Practical Pointers Concerning 
Application of Copper Sulphate 


I have been requested by the Editor of WATER WorkKS AND 
SEWERAGE to state definite amounts and procedure for the bene- 
fit of readers who wish to tackle their root troubles with copper- 
sulphate. 

Since the extent of the root growth in any given pipe is un- 
known, a greater or lesser amount of the crystals may be required 
to permeate the whole mass. 

An individual root mass entering at one point may clog a pipe 
or connection just as effectively as half a dozen, but obviously 
more crystals would be necessary for the greater quantity of 
roots. 

Property owners and occupants furnish “case histories” by 
relating their woes with their sanitary connection, and the ex- 
tent of the root growth may be deduced from their statements. 


House Connections 


As previously stated, crystals are applied through the com- 
mode within the home. The operator carries a cotton bag con- 
taining the crystals and puts 2 or 3 pounds through each con- 
nection. Where serious trouble and recurrent plumber visits have 
been experienced by the tenant, initial doses of 6 to 10 pounds 
have been applied in an attempt to insure complete contact and 
such cases have been marked down for repeat doses at weekly, 
fortnightly or monthly intervals, as the conditions seem to dic- 
tate. After the initial high dose, and in the absence of any fur- 
ther clogging troubles, normal low doses of crystals may be used. 

When a connection is completely plugged and overflowing, 
rodding must be resorted to to restore flow through the root 
masses. Thereafter copper sulphate crystals may be applied, 
but not before. There has to be some flow through the connec- 
tion in order to carry the solution down through the roots for 
the attack. 


Street Sewer Mains 


A light truck and a barrel of copper sulphate crystals are the 
operator’s tools. Junction and terminal manholes are opened, 
a small scoopful of crystals are sprinkled along the invert of 
the pipe, and the manhole cover replaced. Thereafter the flow 













gradually dissolves the crystals and the resulting solution con- 
tacts roots and fungi as it flows down-stream. About 2 pounds 
per manhole is applied, but here again this amount is increased as 
in the case of the house connections, when records indicate serious 
root trouble. 

Under no circumstances should an amount of crystals suffi- 
cient to obstruct the flow be placed in the inverts, nor should 
crystals be placed in the traps of automatic siphon type flush 
tanks. In the first place, they will not dissolve due to the absence 
of flowing water, and secondly, they may tend to corrode the 
metal. 

It is recommended that periods of normal to low flow be 
chosen to introduce the copper sulphate. Both the time of con- 
tact and the concentration of the solution are thereby enhanced. 
A preventative dosage may be given annually following the initial 
treatment. Old roots do not return, but new root infiltration may 
develop. 


Records 


Careful records of all work should be kept so that not only 
will the results be disclosed, but eventually all of the system and 
house connections may be serviced. 


Some Important Don'ts 


Don’t put CuSO, crystals in fixture traps. Corrosion by inter- 
change of metallic ions will occur and eventually eat holes in 
the traps. Flush the crystals through the commodes when ap- 
plying from within homes, and follow with a sufficient amount 
of flushing water to insure (1) their transit through the soil 
pipe to beyond the cellar wall and (2) their conveyance to and 
against the root obstruction, where the crystals will dissolve 
discharging the solution slowly into the root mass. 

Don’t expect black magic properties from CuSO,. Remember 
that a good root mass is well-nigh impervious to concentrated 
sulphuric acid. Only the life is taken by copper sulphate treatment 
and thereafter the normal processes of decay must ensue. 

Don’t waste CuSO, in the system during periods of high flow. 
The dilution factor is too great and the resulting concentration 
of the solution too weak to be effective. Pick low-flow periods. 

Don’t expect CuSO, to clean sewers and house connections 
mechanically obstructed by breakage, bad connections or faked 
bends. The amount used on a system in any given time should 
be arrived at by collaboration with the plant superintendent, who 
is best able to determine what traffic will stand, by close ob- 
servation of the biological and/or chemical processes incorporated 
in the plant. 





Roots give a great deal of trouble in the smaller sewers, by 
causing stoppages wherever they may happen to find an entrance 
into the pipes carrying domestic sewage. 

For four or five years now we have been using copper sulphate 
to combat this trouble. 

We have a man whose duty it is to visit each manhole in the 
system at least once each month, looking for stoppages. He 
carries along on these trips a small bag or bucket of copper 
sulphate and drops a small handful of crystals down into the 
flowing sewage wherever he finds that the stoppage is down- 
stream. 

After a reasonable amount of experience in this work a man 
can tell pretty well where trouble is to be expected in the near 
future, by the nature of the flow of the sewage and by the con- 
ditions in the bottom of the manhole. 

In cases where stoppage is due to roots, sewage will back up 
into the next manhole above during periods of greatest flow 
during the day and will recede during periods of low flows. This 
condition may exist for days or possibly weeks before the sew- 
age begins to overflow the top of the manhole and run into the 
street. By throwing in the copper sulphate crystals while the 
sewage is still flowing, a sufficient concentration of the poison 
will usually reach the seat of the trouble to eliminate it before 
the stoppage is complete. 

At Greenville, we have the same man doing this work that 
looks after the disposal plants and he tells me that he can predict 
almost exactly when the balls of roots will turn loose and come 
down to the treatment plant following the copper treatment. 

Since we have been using this scheme it is a rare day when we 
have to send out a truck with sewer-rods and other equipment 





KILLING ROOTS IN SEWERS WITH COPPER SULPHATE 
By J. W. 


Superintendent Water Works and Sewerage, Greenville, Tenn. 
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to open up a stopped sewer. 

Regarding the exact quantity of the sulphate required for good 
results, I have attempted no determination of the necessary con- 
centration of copper sulphate. However, it is my opinion that the 
length of the contact period is a more important factor than the 
actual concentration of the copper sulphate. To illustrate; the 
ideal condition seems to be where a small flow of sewage, say two 
to five g.p.m., is just trickling through a mass of roots. In a case 
like this a small handful of the chemical applied in the manhole 
just upstream from the stoppage will do the trick. 

If the flow is greater, as determined from looking in the man- 
hole just below the stoppage, greater quantities and possibly re- 
peated applications would be necessary. If it is kept in mind that 
it is time of contact that is important, rather than the amount of 
copper sulphate, no trouble should be experienced in carrying out 
this operation. 

Another important point to remember is that it is useless to 
apply the copper sulphate in a sewer that is completely stopped, 
for unless there is at least a small flow of sewage through the 
obstruction there is no chance for contact between the roots and 
the copper solution. Sewer rods would be the only remedy here— 
at least to start some flow through and allow the copper to reach 
the roots. (Since it is only necessary to kill the small root 
which enters the sewer, and not the great mass of roots branching 
from it, the important factor is that of reaching the feeder root 
with the killing chemical. Then, the flow pulling on the large 
heavy “brush,” causes the weakened base root to break. Pre- 


chlorination of sewage has been found to produce the same results 
on root infected sewers but is not so simply applied as the copper 
treatment.—Ed. 








SEWAGE TREATMENT PLANT OPERATION 


Compiled from Various Sources 


By A. P. BANTA 


Asst. Engr., Los Angeles County Sanitation Districts, and 
Asst. Prof. San. Eng., California Inst. of Technology 
Pasadena, California 


DAILY inspection of each major unit of the plant by the 
A plant operator should be made, any unusual conditions re- 
corded, and faulty conditions immediately remedied. The plant 
operating data should be fully compiled each day, and kept, as 
an aid in maintaining the plant in proper operating condition. 
Such records are valuable for future reference and as evidence. 

It is especially important that the daily flow or rate of flow 
of sewage reaching the plant be measured and recorded. Methods 
commonly employed to determine sewage flow are as follows: 


1. Weir measurements. 

2. Counters on dosing tanks of known capacity. 
3. Capacity of pumps and period of operation. 
4. Recording meters (Venturi, weir, etc.). 

5. Dosing tank period for filling. 


Records of power consumption and supplies, tools or chemi- 
cals obtained should be maintained. A daily log book for keep- 
ing such records and information concerning general or unusual 
conditions is very useful. 

The air temperature, wind direction and general weather con- 
ditions should be recorded daily. This information is valuable 
in the investigation of nuisance complaints such as odors. 


It is also essential that a few simple tests be made to deter- 
mine the efficiency of separate units of the plant or of the plant 
as a whole. The results of these tests and a record on operation 
will : 

1. Indicate to the operator whether the plant is or is not 
functioning properly. 
Aid the municipality or institution in case of law suits 
resulting from alleged pollution or nuisance. 
Assist consulting engineers in planning changes or addi- 
tions to the plant. 
Enable the officials responsible for the operation of the 
sewage disposal plant to prepare reports to the public and 
to the State Department of Health on the operation and 
efficiency of the plant. 


The operator should have for ready reference plans or blue 
print designs of the plant, showing the dimensions of each unit 
and all pipes, valves, gates, etc., in order that he may be able 
to fully understand the construction and operating details of 
the plant. 

A competent sanitary engineer can materially improve operat- 
ing conditions through guidance and advice. It would be advis- 
able for municipal or other officials to retain consulting engi- 
neers, or an experienced operator from a nearby plant, for a few 
years after completion of a new plant in order to supervise plant 
operation. Operating difficulties may frequently be prevented or 
readily corrected by following their advice. 

Operators of sewage treatment plants should always remember 
that sewage gases are combustible and also explosive under cer- 
tain conditions. Such gases may be toxic and asphyxiating. It 
is, therefore, necessary to take unusual precautions where such 
gas may be present either in the sewer system or at the treatment 
plant. No open flames or other sources of ignition should be 
permitted. Adequate ventilation of manholes and other similar 
enclosures before entering is always advisable. Moreover, no 
one should ever enter a place where such gases are likely to be 
present without an emergency rope attached to his person and 
two watchful attendants stationed outside. When the gases are 
toxis, i. €., containing poisonous gases, a special gas mask should 
also be used. 

The following are a few fundamental details of the proper 
operation of sewage treatment plants. Local conditions may alter 
somewhat the following operating details but in general these 
notes give a resume of the operating procedure for the various 
types of treatment described. 


Grit Chambers 


1. Grit chambers should be cleaned after every large storm. 
2. Grit chambers should be cleaned whenever tests show that 
the grit compartment (the compartment below the inverts of 
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entering and outlet channels) is filled with hard material to 50 
or 60 per cent of its capacity. 

3. The grit should be promptly disposed of by burying it or 
drying it on sludge beds. If it is sufficiently clean, it may be 
used for filling in low land. 


Coarse Screens (!/2-Inch to 3-Inch Openings) 


Screenings, uriless properly disposed of, are frequently a serious 
source of nuisance at a treatment plant because they decompose 
readily, giving off obnoxious odors. They will also encourage 
the breeding of rats and flies unless properly cared for. Further- 
more they are unsightly and ‘repulsive to visitors. 

1. Remove the screenings twice daily or oftener if necessary 
to prevent clogging of the screen and consequent backing 
up of sewage in the outfall sewer. 

2. Promptly dispose of screenings by: 

(a) Burial, covering by at least 12 inches of earth, either 
by ploughing under the soil or shallow trenching. They 
may be placed in trenches, treated with borax, chloride 
of lime, or other disinfectant and covered with earth 
as early as possible. 

(b) Incineration where possible. 

(c) Grinding, either returning ground material to the sew- 
age flow or mixing it with the primary tank sludge 
going into digesters. 

3. Clean the screen chamber, removing all accumulated sludge 
and grease, at least once a day. 


Fine Screens (!/2-Inch or Less) 


1. Fine screens are usually continuously mechanically cleaned, 
either by water, air or revolving brushes, and therefore all 
moving parts should be properly lubricated to keep them 
in proper working condition. 

2. Remove and dispose of screenings promptly by: 

(a) Mixing with garbage and incinerated. 

(b) Dewatering by pressing, and then incinerating or bury- 
ing the solids. 

(c) Burial, covering by at least 12 inches of earth, either 
by ploughing under the soil or shallow trenching. They 
may be placed in trenches, treated with chloride of 
lime, or other disinfectant, and covered with earth as 
early as possible. 

(d) Digested with other solids removed by sedimentation. 


Septic Tanks 


1. Sludge and scum should be removed whenever they accumu- 
late to a combined depth equal to %4 the depth of the tank below 
the flow line. 

2. Sludge should be removed when large suspended particles 
are observed in the effluent, or when the daily test of settleable 
solids in the Imhoff cones shows any appreciable increase of 
settleable solids in the effluent. 

All inlet and outlet channels, pipes, weirs, valves, etc., 
should be kept clean and free from accumulations of grease and 
grit. 


Mechanically Cleaned and Plain Settling 
Tanks with Separate Sludge Digestion 
(A) Plain Settling Tanks: 


1. The settled solids should be completely removed at frequent 
intervals, at least twice daily, from the settling tanks to the 
separate sludge digestion tanks. Mechanical equipment installed 
for the collection of sludge should be operated for a sufficient 
length of time before drawing sludge to insure complete re- 
moval of the deposited solids. 

2. Septic action in the plain settling tanks as evidenced by 
“gassing” or rising sludge or an appreciable increase of settle- 
able solids in the settling tank effluent should be avoided by 
prompt and regular removal of sludge to the digestion tanks, 
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3. Grease and scum should be removed at least daily, using 
the mechanical skimming device or by using a perforated hand- 
skimmer and the tanks should be maintained in a clean appear- 
ing condition at all times. 


;B) Separate Sludge Digestion Tanks: 


1. The contents of single tanks should be stirred or agitated 
at intervals by recirculation or other means to assure proper 
“seeding” of the fresh solids and to afford rapid and efficient 
digestion. Such stirring also lessens the chance of acid produc- 
tion, “foaming” difficulties, and excessive scum formation. Where 
there is surplus capacity or stage digestion this operation is of 
doubtful benefit. 

2. Where heating coils or other adequate means of heating 
the contents are available, the temperature should be maintained 
at about 85° F. 

3. The amount of fresh solids added daily should not be over 
one twentieth (5%) of the amount of “ripe” sludge in the tank, 
on the basis of the dry solid content of each. 

4. Care must be used in removing digested sludge to avoid 

the removal of such a large amount that the ratio of “ripe” 
sludge to fresh sludge added drops below twenty to one. 
5. By concentration tanks or otherwise the solids content of 
the sludge added to digesters should be as high as is practical 
to avoid loading the digesters with liquid which reduces the time 
of the solids in the digesters, creates undue disturbance and 
chills the contents. This matter is far more important than is 
generally realized. 


Imhoff Tanks 


1. Sedimentation Compartment: 


(a) Grease and scum in the sedimentation compartment 
should be removed daily. This is best accomplished 
where no mechanical means is provided, by the use of 
a dish-shaped perforated skimmer. Such grease and 
scum should be promptly disposed of by burying or burn- 
ing. Where objectionable conditions are not likely to 
develop, the grease and scum may be placed in the gas 
vents 

The sides and slopes of the sedimentation compartment 
should be carefully scraped with a rubber squeegee and 
all solids pushed down through the slots at least twice 
a week. 

The slot in the bottom of the sedimentation compart- 
ment must be kept open and free from obstruction of 
any kind. At least once a week the slot should be 
cleaned by the use of a heavy chain drag, taking care 
to traverse the entire length of the slot. 

Failure to carefully follow the foregoing operating pro- 
cedure will usually result in an effluent of inferior qual- 
ity and where a trickling filter is used there will be 
deposits and accumulation of solid material on or in 
such filter, due to grease, scum or sludge being carried 
through the tank. 

Where the design of the tank will permit, the direction 
of flow through the sedimentation compartment should 
be reversed at least once a month, in order to distribute 
the solids uniformly in the digestion or sludge compart- 
ment. 


(b) 


(c) 


(d) 


(e) 


2. Gas Vents or Scum Compartment: 


The scum in the gas vent should be broken up at least weekly 
to afford an easy escape for the gas from the digestion or sludge 
compartment. Control of the scum may be accomplished by 
some of the following treatments: 


(a) Breaking the scum up with a hoe, rake, or other suit- 
able tool. 

(b) Hosing the scum in the gas vents with water under 
pressure. 

(c) Punching holes through the scum at two-foot intervals 
with a wooden pole. 

(d) The scum may be removed and dried in a sludge drying 
bed if its depth approaches 2 to 3 feet in the vents. 
Usually it burns readily and if incinerated may create a 
hazardous flash, due to grease ccntent. 

(e) Treatment of the scum in the gas vents daily with 


hydrated lime at a rate of about 10 Ibs. per 1,000 popu- 
lation has been found to be helpful in controlling ex- 
cessive scum formation and to aid in maintaining the pH 
value of the digesting sludge. 


3. Sludge Compartment: 


(a) The height of the sludge in the sludge compartment 


should be determined at inlet and outlet ends of the tank 






at least once a month. The use of a pump for this pw. 

pose is the most desirable and satisfactory. The use of 

the plate or disc method is not usually satisfactory. The 
following are suitable methods for measuring the depth 
of sludge: 

(1) One method involves the use of a pitcher pump 
provided with a rubber suction hose, weighted on 
the end and the length marked on the hose at in- 
tervals of 2 feet, measuring from the weighted end 
toward the pump. The hose is gradually lowered 
through the slot in the sedimentation compartment, 
meanwhile constantly pumping, and the length of 
immersed hose, when sludge first comes through 
the pump is determined. When the sludge eleva- 
tion is reached, the pump will usually “choke” be- 
fore sludge appears. 

(2) The sludge depth may also be determined by use of 
an iron plate or weighted wooden block, about 12-18 
inches square, attached to a wire or chain lowered 
through the gas vent. The plate or block will stop 
when the sludge is reached and the distance from 
the surface to the sludge level is determined from 
the graduated wire or chain by which the device is 
lowered. The pump method is by far the most 
positive procedure. 

Sludge should be removed: 

(1) Whenever the sludge depth approaches within 18 

inches of the slot in the sedimentation compart- 

ment. 

In small amounts at frequent intervals rather than 

in large amounts at longer intervals. Usually some 

sludge should be drawn every month. 

Sludge should be removed at a slow regular rate to 

avoid the formation of a channel through the sludge in 

the sludge compartment and the withdrawing of partially 
digested sludge or the liquid above the sludge. 

If sludge does not flow readily, it may be started by: 

(1) Agitating with water under pressure through per- 

forated water pipes in the bottom of the sludge 

compartment, if such pipes are available. 

Applying water pressure through hose immersed 

into the sludge compartment or through the sludge 

riser pipe. 

(3) Agitating around sludge inlet with long rods 
through the sludge riser pipe. 

Avoid withdrawal of all the sludge from the tank. Leave 

sufficient digesting or “seed” sludge to prevent the diffi- 

culties incidental to starting a new or completely cleaned 
tank. Usually not over half the depth of sludge in the 
tank should be removed at any one time. 

After use the sludge pipes should be flushed out and 

refilled with water or sewage to prevent the sludge from 

hardening and clogging the sludge pipes. 


(b) 


(2) 


(c) 
(d) 


(2) 
(e) 


(f) 


4. “Foaming:" 

There are a number of possible causes for “foaming” such as 
industrial wastes like milk or cannery wastes, “mash” or “wine” 
wastes, drawing out too much sludge at one time, or increased 
temperatures in the sludge compartment. Foaming is almost in- 
variably associated with an “acid” condition of the sludge and 
in such cases may be minimized or corrected by treatment to 
counteract the acidity. However, there is such a thing as alkaline 
foaming but it is not common. 

When foaming occurs, there are a few simple treatments which 
may under certain conditions remedy or improve the condition. 

(a) — may sometimes be obtained by drawing some 
sludge. 
(b) Hosing the gas vent area with water under pressure 
will sometimes help. 
(c) Cutting the tank out of service if possible and allowing 
it to rest will permanently improve conditions. 
(d) Paddling the foam with long-handled hoes is also tem- 
porarily effective. 
(e) Hydrated lime added through the gas vents at daily in- 
tervals will frequently correct a foaming condition. 
(f{) Treatment of the raw sewage with chlorine at rates of 
20 to 50 pounds per million gallons will often bring 
foaming under control. 


Trickling or Sprinkling Filters 


1. The nozzles should be inspected daily. All clogged noz- 
zles should be cleaned and any broken nozzles replaced. 

2. The surface of the filter bed should be kept free from 
plant growths. 

3. The formation of ponds or “pooling” on the surface of the 

















filter bed may be remedied or prevented by: 

(a) Flushing the surface of the filter with a fire hose. 

(b) Raking or forking the surface of the filter bed. 

(c) Punching holes through the top layer of the filter 
- medium with iron bars. 

(d) Heavy applications of chlorine, chlorinated lime or 
other chemicals for short periods applied directly to 
the bed surface or in the filter bed influent at the 
dosing tanks. The treatment is usually most effective 
and economical if applied to the low night flows of 
weak sewage. 

(e) Operation of units may sometimes be improved by 
cutting them out of service occasionally for a period 
of 12-48 hours. 

4. Where the design of the filter bed will permit, the presence 
of large numbers of filter flies may be controlled by periodic 
flooding of the filter beds. Chlorine application, as for 
ponding, is also very helpful but not a 100% effective rem- 
edy. In flooding the sewage it should be chlorinated to 
a aie depletion and septic action during the holding 
period. 

5. The distribution piping should be flushed periodically. 

6. The underdrains should be flushed out occasionally with 
water hose or other suitable flushing devices, if the filters 
are so constructed as to make this possible. 

7. Where revolving distributors are installed, frequent inspec- 
tion of water or mercury seals should be made. 

8. Where revolving distributors are installed, the flow from 
the nozzles should be adjusted so that the flow delivered 
is proportional to the area covered, i. e., the end nozzle 
should deliver twice as much as the one half-way out from 
the center. The center nozzles should deliver very little 
flow—only thin share for the ratio of area covered. 


Secondary or Final Settling Tanks 


1. The sludge should be removed frequently to prevent septic 
action and gasification of the solids which results in discharge 
of solids with the final effluent. This cleaning is usually neces- 
sary at least once a month, or oftener, during the summer season. 

2. The depth of the sludge should be determined at frequent 
intervals by the use of a sludge sounder or other device. 

3. The sludge may be disposed of in the same manner as sludge 
from primary settling tanks, i. e., pumped into primary settling 
tanks or into separate sludge digestion tanks direct for digestion. 
In the latter case density of the sludge is an important considera- 
tion to perclude the effects of dilution on the digesters. 


Sludge Drying Beds 


1. Sludge beds should not be filled to a depth of more than 
2 inches or to such a depth that the sludge cake cannot be re- 
moved within two weeks in good drying weather. 

2. The surface of the drying bed should be kept clean and free 
from all previously discharged sludge. Never discharge wet 
sludge upon dried or partially dried sludge. 

3. The surface of the sludge drying beds should be kept nearly 
ag afford an even distribution of sludge- over the surface of 
the bed. 

4. Dried sludge may be used for fill, buried, or spread upon 
the ground, where it will not be carried into a stream or water- 
course by rain. 

_5. In many communities the sludge is readily disposed of by 
giving or selling it to nearby farmers for use as fertilizer. This 
should be encouraged as sewage sludge has been found to have 
fertility and soil improving values. It is not advisable, however, 
to use it for the fertilization of crops which are served in an 
uncooked condition. For best results the sludge cake should be 
shredded or pulverized before attempting its sale. 


Sand Filters 


1. The beds should not be used continuously but sufficient time 
should be allowed between doses for the bed to drain thoroughly 
and “rest” between applications. Satisfactory operation of a fil- 
ter bed depends on the presence of oxygen in the bed and there- 
fore opportunity for the entrance of air into the bed must be 
provided by the “rest” periods. 

2. The beds should be periodically cut out of service, allowed 
to dry and the surface raked or scraped clean. 

3. “Pooling” should not be allowed to develop on the beds 
as this tends to produce septic action, obnoxious odors and an 
effluent of poor quality. Pooling indicates that cleaning is nec- 
essary. Frequently a harrowing is all that is required. Eventually 
skimming will be required. 

4. The surface of the beds should be kept level to afford uni- 
form distribution of the sewage. 
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i a Weeds, grass, etc., should not be allowed to grow on the 
eds. 

6. The depth of the bed should be maintained by removing dur- 
ing cleaning only the least possible amount of sand. Once a 
year clean sand should be added to replace that removed during 
the year. 

7. Where natural sand percolation beds are used it is some- 
times advisable to shallow harrow the beds after careful re- 
moval of all organic deposits. 


Chlorination 


The purpose of chlorination is to prevent bacterial contamina- 
tion of streams or other bodies of water, used for municipal or 
industrial water supplies, irrigation, shell-fish growing, recrea- 
tion or bathing. 

The effective chlorination of sewage or sewage effluents de- 
pends upon the presence of adequate quantities of chlorine at all 
times in all portions of the sewage for sufficient time to provide 
the necessary period of contact between the disinfectant and the 
bacteria in order that disinfection may be efficient. 

The strength of any sewage varies greatly with seasonal 
changes, with the days of the week and during the hours of the 
day. The amount of chlorine required varies accordingly. 

1. Chlorine should be applied in such quantity that there will 
be a residual of at least 0.5 p.p.m., as determined by the ortho 
tolidine test, after 15 minutes contact of chlorine with the sew- 
age or the effluent, depending upon whether pre- or post-chlorina- 
tion is practiced. 

2. The test for residual chlorine should always be made at the 
time when the sewage or effluent is the strongest or when it re- 
quires the largest amount of chlorine for treatment. 

3. Weigh chlorine tank each day at the same time to deter- 
mine the amount of chlorine used during the preceding 24-hour 
period. 

4. The chlorine must be applied continuously in the proper 
quantities. 

Before connecting a new chlorine cylinder to the control 
apparatus, blow off some of the chlorine from the new cylinder 
into the air in order to prevent clogging of the apparatus. Store 
the empty cylinders apart from the full ones so as to avoid mis- 
taking empty cylinders for full ones. 

6. Examine the chlorine apparatus daily and if any trouble 


‘is found which cannot be corrected by the operator, notify your 


superior at once. 

It is not advisable to draw chlorine from any one cylinder 
at rates higher than 40 lbs. of chlorine in a 24-hour period, be- 
cause of the danger of “freezing” and slowing up the chlorine 
flow. If more chlorine is necessary, two or more containers 
should be connected and used in parallel. 

8. The operator should always have on hand a stock of the 
usual replaceable parts for the chlorine apparatus and a reserve 
supply of chlorine cylinders. 

9. Leaks in the chlorine apparatus should be promptly repaired 
to prevent corrosion of the equipment and structures. Such leaks 
may be detected by the formation of white fumes when tested 
in the immediate vicinity with the vapors from an ammonia solu- 
tion. (Household ammonia is satisfactory). 

10. During cold weather heating facilities should be provided 
to maintain a temperature of 60° F. and never less than 50° F., 
in order to prevent so-called “freezing” in the chlorinator and 
stoppage of the chlorine flow. It is frequently necesssary to 
heat the water supply to the tray of the chlorinator to prevent 
“chlorine-ice” formation. 

11. Chlorine is a liquid when under pressure in the cylinders 
and is an irritating gas which is heavier than air when released. 
It may produce serious after effects if inhaled. A satisfactory 
gas mask should be available at all plants where chlorine is 
handled. 


Activated Sludge Tanks 


1. Sludge percentage tests (settling for % hour a liter gradu- 
ate) should be run twice daily on the mixed liquor of the 
aeration tanks, sampled at the half-way point. 

2. When the sludge percentage of the mixed liquor exceeds 
30% (300 c.c. in the liter graduate), sludge should be with- 
drawn. Some plants have been found by experience to op- 
erate more efficiently at a lower per cent. 

3. Excess sludge should be wasted into the raw sewage if pri- 
mary sedimentation is practiced or wasted directly to di- 
gesters or via thickener tanks if these are provided. Such 
tanks are an important adjunct to the functioning of di- 
gesters. 

4. Direct drying of untreated sludge results in odor and fly 
nuisance. 

5. For small plants, dissolved oxygen tests on the effluent 












































































































































from samples taken from the clarifiers should be run daily. 
B. O. D. and suspended solids tests on the effluent should 
be run at least twice weekly. 

6. Cracked or leaking air diffusion plates should be watched 
for and quickly repaired. 

7. Air and sewage regulating valves should be operated at 
least once a month to insure against sticking. 

8. Bulking is said to occur when unusual amounts of sus- 
pended solids pass out with the effluent. It may sometimes 
be controlled by one of the following practices: 

(a) Increasing the supplied air or reducing the solids car- 
ried in the aeration units. 

(b) Continuously adding lime sufficient to bring the pH up 
to 9.0 (for small plants). 

(c) Adding small amounts of fine clay (for small plants). 

(d) Moderate chlorination of the returned sludge. 

(e) Bypassing the sewage until condition is corrected. 

(f) Eliminating industrial wastes from the sewerage sys- 
tem when these are proven to be causative. 

If bulking becomes a chronic problem, the administrative au- 
thority should be fully informed and an investigation by a com- 
petent sanitary engineer recommended. 

9. Air pressure on this diffuser manifold should be recorded 
regularly, as increase in pressure results in increased power 
cost. 

10. Operation of final settling tanks is similar to operation of 
primary settling tanks. 


Neatness, Cleanliness, Beautification 


1. It is very easy for a sewage plant operator to become negli- 
gent. The appearance of his plant reflects in most cases his own 
character. 





2. A limited planting of shrubs and trees will add greatly to 
the appearance of a plant. Most administrative authorities, jf 
properly approached, will provide at least in a small way, for 
this improvement. Select hardy plants which require a minimum 
of attention. 

3. Paint is an investment. A plant where painting is neglected 
will soon require expensive replacements. Learn all you can 
about paint; many conditions require special paint. 

4. A set of neat, well-kept records is a convincing argument 
when an operator is asking for improvements. 

5. A clean plant is usually a well-run plant. 

6. An untidy plant is a hazard to life and limb. Slippery 
steps, unused equipment left in the way, can be the cause of a 
nasty fall. 

7. Work around sewage is always subject to health hazard; 
extra care and cleanliness are, therefore, essential. A first-aid 
kit should be on hand and used for even minor injuries. Ar- 
range for prompt medical service for more serious accidents. 

8. Make a study of the life cycle of flies and mosquitoes. A 
knowledge of this subject will enable an operator to control with 
a little thought and effort, most insect nuisances. 


Last but Not Least 


9. Join and take an active part in your local sewage works 
association. The journals and the exchange of operating experi- 
ence with other members is a rich source of progressive ideas. 


Acknowledgement—This paper constituted a lecture in the Water 

and Sewage Tanks Operators Short Course of the 11th Annual 

Institute of Government at the University of Southern Califor- 
nia, Los Angeles 





CONTROL OF ACTIVATED SLUDGE BULKING* 
By E. E. SMITH, 


Superintendent, Water W orks and Sewerage, Lima, Ohio 


The operation of the Activated Sludge type of sewage treat- 
ment plant has the ever present danger of the so-called sludge 
bulking. Sewage literature abounds with descriptions, reasons 
for and treatment of this phenomenon. Experiences at the 
Lima Sewage Treatment Works seems to indicate close cor- 
relation between a marked increase in the numbers of bac- 
terial filaments in the aeration units and poor settling of sludge 
in the final settling tanks, decrease in dissolved oxygen in final 
tanks, and poor clarification of final effluent. Sludge bulking 
seems to be the common cause of inefficient and uneconomical 
operation of activated sludge plants. 

During the summer of 1934 when sludge bulking occurred, 
all previously described remedies were employed. The sewage 
upon which these remedies were tried was, in common to most 
sewages of that drought period, unusually strong and high in 
temperature, with the consequent necessity of efficient purification 
during the low stream flows. 


Experimentation with Chlorine 


Sanitary Engineer J. K. Hoskins of the United States Public 
Health Service had mentioned to the writer some beneficial re- 
sults to the process following the use of chlorine at the Stream 
Pollution Investigations Experimental Plant, in Cincinnati. It 
was decided, therefore, to look into the effects of chlorine gas 
on the returned activated sludge. 

The design of the Lima Sewage Treatment Works was ad- 
mirably adapted for this particular experiment for the follow- 
ing reasons: 

Activated sludge from the final tanks is brought through two 
separate 12 inch sludge lines from the tank sumps to a sight 
feed hopper where separate sludge valves control the sludge flow 
into a 14 inch combined gravity line conveying the sludge 95 
ft. to the returned sludge sump. For purposes of chlorination 
this arrangement permits good mixing and a contact period 





([*Excerpts from an article which appeared in WATER WorxKs 
AND SEWERAGE, October, 1935, here reproduced because other 
plants have subsequently found the Lima scheme of mild chlorina- 
tion of returned sludge beneficial in holding oxygen in the aera- 
tion units and maintaining performance of the activated sludge 
process on a more even keel in difficult operating periods.] 





of ten to twenty minutes, depending on the rate of sludge re- 
turned. The results obtained from the use of one tank of 
chlorine, applied without careful control, were so evidently de- 
sirable, that arrangements were made for use of W. & T. 
solution feed chlorinator. 

Observations during the treatment of the returned sludge re- 
vealed that seven days after the start of chlorination filaments 
were absent from the sludge. The ratio of p.p.m. chlorine to 
each per cent of solids in the returned sludge is apparently a 
governing factor in the action of filament removal, because re- 
sults were not being obtained when that ratio was below 1.00 
during the second application of chlorine. No filament removal 
was noted for the twelve days of low ratio chlorine dosage. 

Inasmuch as the last eleven days of application of chlorine 
during the first experiment and the first twelve days of the sec- 
ond experiment seemed to indicate that chlorine applied below 
the apparent threshold ratio of 1.00 was without sufficient effect, 
a further experiment with chlorine was made at ratios of 2.00 
or more. 

At the Lima Sewage Treatment Works daily microscopical 
examinations of the aeration tank effluent are made, as well as 
the usual hourly estimations of percentage of settling solids 
in the aeration tank effluent. From the indications of these two 
determinations the chlorine produced a marked reduction of the 
excessive numbers of filaments. 


Economy of the Process 


Air requirements have been reduced to little more than the 
delivery of the smallest size blower, without regard to variations 
in sewage flow. It may be estimated that air requirements, 
without the danger of bulking, should not exceed an average of 
0.90 cu. ft. per gallon of sewage. As bulking could be expected 
usually when the air-sewage ratio was reduced below 1.00 to 1.25 
cu. ft. per gallon, the ability to use chlorine as above indicated 
resulted in a net saving. 

The application of air has been as low as 0.62 cu. ft. per gal. 
daily average and as low as 0.78 monthly average during chlorina- 
tion. Without the ability to correct sludge bulking so readily 
and effectively with chlorine such low applications of air would 
have been unwise and impracticable. 
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ACTIVATED SLUDGE BULKING 


H. HEUKELEKIAN, Associate 


Div. of Water and Sewage Research, New Brunswick, N. J. 


NUMBER of views have been advanced concerning the 
A causes of bulking. The only agreement in respect to these 
views is the invariable bulking of activated sludge when treat- 
ing carbohydrate wastes. The more common cases of bulking 
are encountered when such carbohydrate wastes cannot be de- 
tected in strictly domestic sewage. For the explanation of bulk- 
ing under such conditions the most commonly held view is that 
underaeration is the factor responsible. However, certain diffi- 
culties arise in uniformly applying this explanation to plant ob- 
servations. The most obvious difficulty in this respect is the 
fact that a given plant will undergo periods of bulking followed 
by periods when the sludge settles readily with the same air in- 
put. The dry weather flow has been blamed for such anomalies. 
The indefiniteness of these views is to be attributed to the fact 
that under plant operating conditions it is difficult to control all 
factors which must be taken consideration of. The variables that 
may influence the results are: the change in the strength and 
volume of sewage, character and the amount of sludge carried, 
and sewage temperature. These factors could be more readily 
controlled under laboratory conditions and varied one at a time 
to determine the effect of a single factor on the sludge index. 
Unfortunately all previous attempts to produce a bulky sludge 
have met with failure under laboratory conditions with carbohy- 
drate-free sewage. The reasons for this are at first not ob- 
vious, but a closer comparison of the methods of operation at 
the plant and the laboratory study will make them apparent. 


Deficiencies of Laboratory Scale Studies 


At the plant the sewage and sludge flow through the aeration 
tank continuously, whereas, under laboratory conditions aeration 
is conducted under a batch process. In a continuous flow tank 
there is considerable short circuiting and core formation whereas 
in the laboratory mixtures, this factor is completely eliminated. 
Furthermore, under laboratory conditions if the air supply is re- 
duced proportionally with the volume of mixtures employed, to 
secure approximately the rate of 1 cu. ft. per gallon, the air 
would not be sufficient to keep the sludge in suspension. There- 
fore, it has been convenient to overlook the volume of air util- 
ized and adjust it to flow at a rate required to keep the sludge in 
suspension. The result has been a consumption of air three to 
four times as high as under plant conditions. The air has 
seldom been metered. 

In view of the admitted importance of air in the activated 
sludge process, this has been a serious oversight. The reasoning 
behind this has been that in aeration tanks, already more air is 
supplied than can be utilized; therefore, if doubling or tripling 
the air supply in the laboratory such will have no influence on 
the results. But the assumption that since most of air supplied 
is wasted, and that the sludge is obtaining all the oxygen it re- 
quires, is open to question. It is conceivable that due to the slow 
rate of solution of oxygen and the high oxygen demand, there 
may be a deficiency of oxygen even in the presence of abundance 
of air. The anaerobic character of sludge deposits in a flowing 
stream serves as an illustration of how easy it is to have spots 
of oxygen deficiency in aeration units. 

Since it was realized that sludge may not bulk with a single 
dose of sewage under laboratory conditions, applications of sew- 
age have been made only once daily. Due to the long aeration 
period obtained with such a procedure the doses have been in- 
creased to twice daily, giving an aeration period of 10-12 hours. 
However, to get even remotely comparable results at least three 
daily doses should be made. 


Devising a Means of Controlling Air Input 


From the above discussion it is apparent that air supply is 
one of the most important factors and that in laboratory work 
it has not been adequaely taken care of. The specific problem, 
therefore, was how to reduce the input of air to valves compar- 
able to plant practice and still keep the sludge in suspension. Two 
possibilities suggested themselves. First, to use mechanical means 
for agitation and to supply small amounts of air as the source of 
oxygen; second, to dilute the air with nitrogen and to pass the 
gas mixture in rates high enough to keep the sludge in suspen- 
sion. The latter procedure was selected as the most convenient 
for laboratory application. It was realized at the outset that by 
this procedure the partial pressure of oxygen and thereby the 
saturation value of the oxygen in the sludge mixture would 
be changed but since saturation values are seldom obtained in 
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the activated sludge mixtures this factor was temporarily disre- 
garded. 

An apparatus was assembled by means of which gas mixture 
containing a given percentage of oxygen could be made and 
stored in a 30-gallon capacity water tank, by adding definite 
quantities of air and nitrogen as indicated by the pressure gage. 
The gas mixtures were passed through two pressure reducing 
valves in order to maintain a constant flow of gas and through 
needle valves to regulate the flow into sintered glass crucibles 
fitted into the bottom of the aeration tubes. The actual flows 
were determined by calibrated glass orifices which produced a 
differential pressure proportional to the flow. A more detailed 
description of the apparatus will be published later in the Sewage 
Works Journal. 

The operating schedule was on a fill and draw basis with 
three doses a day. Aearation periods were approximately 6 hours 
for the two doses and 10 hours for the night dose. 

The sludge index values were calculated according to Mohl- 
man by obtaining the volume in per cent of settled sludge after 
one-half hour sedimentation and dividing it by the suspended 
solids concentration of the original mixture, in per cent by 
weight. 


Results 


When the oxygen content of the air was reduced to 5 per cent 
and passed through two sludge mixtures at different rates the 
revealing results presented in Table I were obtained. The 
highest increase in sludge index took place with the higher sludge 
concentration and the lowest amount of air. The sludge index 
values decreased regularly with increasing amounts of air at 
both sludge concentrations. The initial sludge index values could 
not be maintained even with the low sludge concentration (975 
p.p.m.) and high amounts of air. That, with a still lower sludge 
concentration the initial sludge index might have been maintained, 
is indicated by a subsequent experiment where an initial sus- 
pended solids concentration of 400 p.p.m. aeration with 5 per 
cent oxygen in the gas mixture at the rate of 0.96 cu. ft. air per 
gallon of sludge mixture gave an initial sludge index of 125 
after three doses, a sludge index of 122. 

Two factors were indicated from these experiments as having 
an important bearing on sludge bulking when the sewage load 
factor was kept constant: 

(1) Suspended solids concentration in the aeration tank mix- 

ture, 

(2) The quantity of air supplied. 

Sewage Load Factor 


The factor of sewage load was investigated as follows: (a) 
To a portion of activated sludge sewage was applied three times 
a day, (b) to a similar portion of the sludge sewage with’ one- 
third original strength was applied three times a day, (c) to a 
third portion of the sludge normal strength sewage was applied 
once a day. The volume of sewage applied in each case was 
equal. Six such doses were made in each case. Therefore, (b) 
and (c) portions received exactly the same quantities of sewage 
while (a) received three times as much sewage. Aeration was 
accomplished by 5 per cent oxygen gas mixture at the rate of 
1 cu. ft. of air per gallon of sewage in 6 hours. The results in 
Table II indicate that the greatest increase in sludge index oc- 
curred with the application of full strength sewage three times 
a day. Of greater importance is the fact that when equal loads 
were applied the more frequent application of dilute sewage 
resulted in a decrease from the original sludge index while the 
application of strong sewage at less frequent intervals resulted 
in an increase from the original index. 


Discussion 


In the July, 1938, issue of WaTER Worxs & SEWAGE this au- 
thor made certain observations on the factors governing the 
maintenance of dissolved oxygen in the activated sludge process. 
It was stated that the maintenance of dissolved oxygen was de- 
termined by the resultant of supply and demand. The supply is 
governed by the type of aeration mechanism and the quantity of 
air supplied. The jemand is governed by the strength and quan- 
tity of sewage and of the sludge returned. It was further pointed 
out that sewage does not have a high saturation value nor as 
rapid an oxygenation rate as pure water. These observations 
were made from the standpoint of their effect on purification of 
sewage by activated sludge. Now we are able to apply these 
same observations to the bulking phenomenon. It is our con- 
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tention that bulking is intimately connected with the purification 
process. If for any reason purification is seriously hampered 
there will be no buiking. For instance if nitrogen gas is passed 
through the activated sludge mixture, purification is poor and 
bulking does not occur. In other words, bulking does not occur 
in the complete absence of aerobic conditions. Neither does 
bulking take place when there is more than ample oxygen sup- 
ply as is indicated by the failure of sludge to bulk under labora- 
tory conditions with unrestricted air supply. Purification in this 
case reaches the same value in 2-3 hours as under plant conditions 
within 6-8 hours. It therefore follows that if it were possible 
to dose with sewage at 2-3 hour cycle throughout a number of 
days, bulking might be brought about even with air under labora- 
tory conditions. Since this would require a 24 hour attendance 
it was more convenient to dilute the air supplied with nitrogen 
gas, deliver an equivalent quantity of oxygen on the basis of the 
volumes of the mixture treated as under plant conditions, and 
dose it only three times a day. The results, a few of which are 
given in this paper, were revealing. There was a definite rela- 
tion between the volume of the diluted air supplied and the 
sludge index. Furthermore, the higher the concentration of 
sludge the higher was the sludge index at a given oxygen input, 
indicating that for the strength of sewage employed the quantity 
of oxygen supplied was not sufficient to meet the demand created 
at the higher sludge concentration. Therefore, when the oxy- 
genation capacity is limited due to mechanical methods of aera- 
tion or when economy in air supply is required, the concentra- 
tion of sludge in the aeration chamber should be reduced. 

The strength of the sewage is an important item in sludge 
bulking when the oxygen supply is limited. With the same 
amount ef load applied the frequent dosing with a dilute sewage 
resulted in no increase in sludge index while dosing less fre- 
quently with strong sewage gave an increase in sludge index 
and indicating approach of bulking. In plant practice the sludge 
receives its full load at the inlet end of the aeration tank. The 
high oxygen demand of the mixture often gives rise to the com- 
plete depletion of dissolved oxygen during the early periods of 
aeration. As purification proceeds the oxygen demand decreases 
and dissolved oxygen appears in the aeration tank mixture. 
Tapered aeration is advocated to meet this situation. However, 
it seems that a more uniform distribution of the sewage in the 
aeration tank by inlet ports located along the forward part of the 
aeration tank would more adequately solve the problem by regu- 
lating the oxygen demand rather than by increasing the air 
supply. It is felt that the absence of dissolved oxygen in the 
early parts of the aeration period may give momentum to sludge 
bulking from which the sludge may not be able to recover even 
when the dissolved oxygen reappears. At present it cannot be 
definitely stated as to how long the dissolved oxygen may be 
entirely absent or how low the oxygen level may sag without 
exerting an influence on the sludge index. It is however, quite 
conceivable that even in the positive presence of small amounts 
of oxygen in the liquor the sludge itself may undergo a par- 
tially anaerobic decomposition due to the low rate of diffusion 
of oxygen from the liquor into the sludge and high rate of oxy- 
gen uptake by the sludge. In other words a certain minimum 
gradient may be necessary to keep the center or the floc aerobic. 

The next implication of the effect of sewage strength on sludge 
bulking pertains to wet and dry weather flows. Assuming an 
equal sewage load under these conditions the concentrated char- 






acter of the sewage during dry weather would tend to increase 
the sludge bulkiness. This is in accordance with many plant ob- 
servations. Whether the strength of sewage per se plays a role 
in this respect or whether dissolved oxygen carried by the dilution 
water is a factor, cannot be definitely stated at present. Artificial 
dilution of the sewage during dry weather with stream water or 
secondary effluent (recirculation of effluent) would prove of 
definite benefit. Returning the secondary effluent would also add 
oxygen in the form of nitrates. The same purpose is achieved 
by increasing the volume of returned sludge while maintaining 
a low sludge concentration in the mixed liquor, e.g., by returning 
a thinner sludge. Dry weather flow in most localities is asso- 
ciated with high sewage temperature which may also contribute 
to the difficulties encountered. At such times, due to the high 
rate of biological oxidation and lower saturation values of dis- 
solved oxygen, the air supplied may not be sufficient to meet the 
demand. 

Beneficial effect of chlorination in controlling slulge bulking 
reported in some plants, may be due to the reduction of oxygen 
demand during the initial critical period of aeration thus allow- 
ing the maintenance of dissolved oxygen. 

How does oxygen deficiency cause the sludge to bulk and what 
is the relationship between sludge bulking and filamentous or- 

anisms? Let us consider for the present only the Zoogleal and 

xc organisms. Bulking caused by excessive amounts 
of carbohydrates is due to the excessive development of the fila- 
mentous organisms to energy yielding materials which they can 
utilize readily. This type of bulking may or may not be ac- 
companied by oxygen deficiency. Zoogleal organisms are at a 
handicap in this competition for the food. In the absence of 
carbohydrates when the sludge bulks due to a deficiency of oxy- 
gen the zooglea!l organisms are again handicapped because they 
require a higher amount of oxygen for their development than 
the filamentous organisms. The result again is the preponder- 
ance of the filamentous organisms. Filamentous organisms get 
the ascendancy therefore both in the presence and absence of 
carbohydrates but for different reasons. According to this view 
the ultimate result is the preponderance of filamentous organisms. 
In other words a sludge that has become bulky from either 
cause has a greater number of filamentous organisms than a 
sludge which settles well and the worse the bulky condition the 
greater the number of filamentous organisms. 


Conclusions 


The important factor in the bulking of activated sludge with 
domestic sewage free from detectable quantities of carbohydrate 
wastes is due to a deficiency of oxygen created by the slow rate 
of diffusion of oxygen from the liquid into the floc and the 
high oxygen demand within the floc. The remedies recommended 
are: (1) Maintenance of sufficiently high dissolved oxygen in 
the mixed liquor to allow a high diffusion gradient to the floc. 
(2) Maintenance of dissolved oxygen not only at the outlet but 
also throughout the tank. This may be conveniently accom- 
plished by distributing the sewage load. (3) Maintenance of 
low sludge concentration in the mixed liquor. (4) Dilution of the 
sewage with stream water, recirculation of secondary effluents 
or returning of large volumes of thin activated sludge. (5) Re- 
duction of the high oxygen demand rate during the initial aera- 
tion period by careful chlorination of returned sludge or through 
other means. 


TABLE I 
Effect of Different Rates of Application of 5 per cent Oxygen Gas Mixture on the Rate of Bulking at Two Different Sludge 
Concentrations 


Suspended Solids 
Cu. ft. After 3 
air/gallon' Init’al deses 
Ne tS a igus d arab ae naire 0.72 2245 1995 
gre Ghd ta oS arack aiuto te Xinha 1.08 2245 1930 
Be edn kee Kaa eaEN 1.44 2245 2020 
A ee 0.72 975 1035 
ee ed saan ati 1.08 975 1040 
OOP EE 1.44 975 970 


Settling Sludge Index 
After 3 After 3 
Initial doses Initial doses 
25 61 110 306 
25 50 110 259 
25 39 110 193 
8 23 82 222 
8 18 82 173 
8 13 82 134 


:On the basis of air containing 20 per cent oxygen and 6 hours aeration period. 


TABLE II 
Effect of Strength of Sewage and Aeration Period on the Bulking of Activated Sludge 


Initial 
Full strength sewage 3 times a day.................000 1100 
1% strength sewage 3 times day ..............cceccevees 1100 
Full strength sewage once a day ..........ccccsccceee 1100 


Suspended solids Settling Sludge Index 
After 3 After 6 After 6 
doses Initial doses Initial doses 
1360 14.0 48.0 127 350 
1065 14.0 12.0 127 113 
1170 14.0 17.0 127 145 
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AERO-FILTERS FOR THE HALVORSON-SMITH PROCESS 
OF SEWERAGE PURIFICATION 


Theory and Advantages 

The Aero-Filter is a device designed to distribute sewage on the filter 
bed in an even, continuous and rainlike manner. Both the rotary and the 
disc types developed by the Lakeside Engineering Corporation are 
based upon the fundamental principle that best filtration is obtained 
when the filter bed is evenly and entirely covered by a continuous 24 
hour rain of sewage, thus using all the bed all the time. The application 
of this theory by the Aero-Filter results in: 


1. Excellent momentary distribution eliminating recirculation for dilution 


purposes. 


2. Reduction in raw sewage B.O.D. ranging from 84% to 94% with single 
stage operation and from 88% to 99% with single stage operation followed by 
filtration or with two stage operation. 

3. Low first cost since the Aero-Filter requires only from 1/7 to 1/8 the size 
of a standard filter of equal capacity. 

4. Lowest known operating costs. 

5. Minimum troubles from odors, freezing, ponding and filter flies. 


Results obtained by Excellent Distribution—not by Costly Recirculation. 


Rotary Type — 31 to 84’ Dia. Filter 


The principle of the multiple arm rotary distributpr 
is well indicated in the illustration at the right. The 
number of arms, branches and nozzles is varied to 
fit the needs of the special problem. Further regula- 
tion is obtained by adjustment of the nozzles which 
can be made to discharge directly downward upon the 
filter, directly upward or in any intermediate posi- 
tion. The angle of discharge can also be changed to 
any point of the compass, and the orifice nozzles are 
easily interchangeable in the field. A _ Lakeside 
engineer will be present when these units are placed 
in operation, to pan-test the filter bed and make the 
proper distribution adjustments. 


Disc Type — 8 to 34’ Dia. Filter 


The motor-driven disc distributors range in size from 
12” to 34” in diameter and are designed to operate 
at from 260 to 360 r.p.m., the speed for any given 
size of filter being constant. The discs are divided 
into three equal segments each segment being 
equipped with vanes for dividing the flow of sewage. 
and shunting it uniformly over the filter bed. 


Advantages: 


1. The dise distributor will not clog and there are 
no nozzles to clean; 


2. Satisfactory operation under widely varying 
rates of flow; 


3. No mercury seals or packing glands to require 
attention ; 


_4. Fool-proof construction, distribution is fixed by 
disc design and cannot be changed by the operator. 





Send for bulletin 108 for a complete working description of the Aero-Filter as used in the Halvorson-Smith Process. 


































































































































OPERATING FUNDAMENTALS OF THE ACTIVATED 
SLUDGE PROCESS 





T. R. HASELTINE, Supt. Sewage Treatment 
Butler & Grove City, Pa. 


THE properties of activated sludge which are most important 
to the plant operator are, first, its clarifying or absorptive 
powers and, second, its oxidizing power. 

When activated sludge is mixed with sewage it absorbs the 
finely divided suspended matter, the colloids, and probably much 
material in true solution in or on its floc surfaces. If the sludge 
is then allowed to settle out, the supernatant liquor will be clear 
instead of cloudy. This clarification action is very rapid and is 
probably completed in 10 to 30 minutes. 

The oxidizing power of activated sludge is generally assumed 
to be entirely due to biological action. Although its oxidizing 
action may be some 60 to 130 times faster than the normal 
oxidizing rates, as measured by the standard B.O.D. test, it is 
still much slower than adsorption or clarification.’ The highest 
rate of oxidation usually occurs when the sludge first comes in 
contact with the sewage. It then falls off gradually for the next 
two to five hours, after which it continues at a more or less 
uniform rate for considerable periods of time. 

In any properly functioning plant there is a balance between 
these two properties. Almost all of the troubles encountered 
with the activated sludge process may be traced to a lack of 
proper balance. For example, if biological oxidation proceeds 
more rapidly than adsorption, the sludge floc become very small 
and compact. This dense floc does not produce a sparkling clear 
effuent although nitrification may be very high. Furthermore, 
some of the floc are apparently broken up into minute particles 
which do not settle in the final clarifiers, even though the main 
body of the sludge settles very rapidly. On the other hand, if 
oxidation lags behind adsorption, the sludge floc will become so 
light that it will not settle in the final tanks and the sludge will 
lose much of its clarifying power. Since adsorption is very 
rapid and almost automatic, the operator’s problem is to regu- 
late the rate of biological oxidation so that it just keeps pace 
with adsorption under the aeration periods prevailing in his par- 
ticular plant. 

There are several conditions under which oxidation will 
progress more rapidly than adsorption. Probably the most com- 
mon is over aeration. It is encountered in plants having exces- 
sive blower capacity in a few large constant speed machines. It 
is best to overcome by carrying more sludge in the aeration 
tanks. A second, but less common, cause of over oxidation is 
too long an aeration period. The best corrective is to bypass 
part of the aeration tanks. If that cannot be done, then increase 
the amount of sludge in the mixed liquor. A third cause of 
over oxidation may be lack of sufficient “food” in the sewage. 
The writer encounters such a condition at Grove City during the 
early spring. At such times our sewage flow is increased by 
ground water to four or five times its dry weather volume. 
Most of the excess flow has to be bypassed and hence only 
one-third to one-fourth as much organic matter enters the 
aerators as normally. We have found that the admittance (after 
liming) of digester supernatant to the aerators was quit helpful 
at that season. 


Causes of Oxidation Lag 


There are at least six possible causes of oxidation lagging 
behind adsorption, as follows: 

(1) Inadequate Oxygen Supply: In any aeration tank (mechan- 
ical or diffused air) we have two opposing forces, one, the aerator 
device injecting air into the mixed liquor, and two, the biological 
organisms using up oxygen in their life processes. Dissolved 
oxygen determinations on the mixed liquor give a measure of 
the excess of the oxygen supply over the oxygen consumption. 
It is absolutely essential that the rate of supply be at least equal 
to the rate of consumption, but there is nothing to indicate that 
any great excess is beneficial.? If there is no dissolved oxygen 
in parts of the aeration tanks then either the oxygen supply 
must be increased by using more air, or the rate of oxygen con- 
sumption must be cut down by reducing the amount of sludge 
or sewage in the mixed liquor. Naturally sludge reduction is 
the most general practice. 

(2) Germicidal Wastes: Since oxidation is entirely biological 
it is evident that germicidal wastes will stop or retard it. If the 
germicidal action is due to excessive acidity or alkalinity neu- 





tralization with lime or acid will eliminate it. (The optimum pH 
for biological oxidation is 7.0 to 7.5 although there is little re- 
tardation at pH 6.4 to 8.0.* If it is due to phenolic compounds 
or other toxic substances, the only certain remedy is to exclude 
them from the sewers. In some cases, however, where the con- 
centration of the poison is quite uniform and not too high it may 
be possible for the sludge organisms to become accustomed to it. 


(3) Excessive Carbon Dioxide: Carbon dioxide is one of the 
principal end products of biological oxidation® * and _ excessive 
amounts of it are known to be toxic to bacterial activity. Sew- 
age already contains relatively large amounts of CO. Although 
aeration is an efficient means of removing carbon dioxide the rate 
of its production during the activated sludge process 1s so great 
that the net reduction due to aeration may be slight. ; In such 
cases it is quite possible that the rate of oxidation is limited by 
the CO. content of the mixed liquor. When such conditions 
prevail it is logical to apply lime to the inlets of the aeration 
tanks.‘ Either one of two general schemes may be followed ; 
(a) daily applications of 50 to 300 Ibs. of lime per M.G. of daily 
flow applied in one to four “shots” during hours of peak sewage 
flow, or (b) continuous lime applications at rates of 300 to 500 
pp.m. until such time as the pH at the outlet of the aerators 
approaches 8.0. The best way to tell whether or not excessive 
CO, is causing trouble is to try the lime treatment. It is fortu- 
nate that this treatment can do no harm so long as the pH at 
the outlet of the aerators does not exceed 8.8, whether or not it 
does any good. 

(4) Septic Sewage or Sludge: Septic action not only in- 
creases the carbon dioxide but produces other products that re- 
tard biological oxidation. Avoid sludge accumulations in sewers, 
channels, primary or final clarifiers. The return of large volumes 
of poor quality digester overflow liquor to primary tanks may 
cause the entire sewage flow to become septic. Frequent sewer 
flushing may be helpful. Prechlorination at various points along 
the collection system may be even more helpful. Partial chlori- 
nation of the return activated sludge has proved beneficial at 
some plants but chlorine is a powerful germicide and particular 
care is required to avoid over-chlorination of the sludge which 
might destroy its oxidizing power. 

(5) Excessive Grease Content of the Sludge: If the grease 
content of the sludge is excessive the sludge particles become 
coated with a film of grease thus preventing intimate contact 
with oxygen, even though tests show an abundance of dissolved 
oxygen in the mixed liquor, hence oxidation is greatly retarded. 
Wiest’s® work indicates that the activated sludge process func- 
tions satisfactorily when the grease content of the sludge is 5 
to 7 per cent but gives considerable trouble when the grease con- 
tent is around 20 per cent. The writer’s experience indicates that 
13 per cent grease in the sludge makes for difficult operation 
while 30 per cent grease causes the sludge to lose its clarifying 
power and a very inferior effluent results. If the grease content 
of the sludge is generally excessive then some means of further 
removing grease from the incoming sewage is indicated. But 
where the trouble is caused only by periodic shots of mineral 
oil the writer has found a 25 per cent increase in air for a day 
following such shots to be helpful. 

(6) Inadequate Aeration Period: Even under ideal conditions 
biological oxidation is much slower than adsorption and, hence, 
there is some minimum aeration period required below which 
the process will not function. Usually there is nothing the opera- 
tor can do but bvpass part of the sewage flow and ask for more 
aeration tanks. In some cases, however, short circuiting in dif- 
fused air plants has been a factor that could be corrected by 
proper baffling. Current meter readings at various points may be 
helpful in designing or locating baffles. In other cases it has been 
possible to delay major extensions by utilizing part of the aera- 
tion tanks for sludge reaeration, thus lengthening the available 
time for biological oxidation. 

Since both the quantity and strength of the sewage varies 
from hour to hour and day to day, it might be asked, how is the 
operator to maintain a constant balance between adsorption and 
oxidation at all times. He can not! In the normal plant oxida- 
tion probably falls behind adsorption during the high flow of 
strong, daytime, sewage and catches up during the low flow of 















night sewage. In some plants it is even possible to 
—. a ‘ovadindl deterioration of the sludge through the week 
with recovery over Sundays. It must always be kept in mind 
that it is only prolonged periods of excessive adsorption that 
cause serious sludge deterioration, and that several days of ex- 
cessive oxidation are required for its recovery. The closer the 
balance is maintained the lower will be the power costs, but the 
higher will be the laboratory and attendance costs. Therefore 
more laboratory work is justified in large plants than in small, 


but some is required in all. 
Sewage Input vs. Air Input, and the D. O. Test 


Since most if not all of the oxidation occurs in, or on, the 
sludge floc it should be evident that most of the oxygen is con- 
sumed by the sludge. Therefore, it is a serious mistake to at- 
tempt to regulate the air input in proportion to the sewage flow. 
Dissolved oxygen determinations throughout the aeration tanks 
are the best criterion known for air regulation. If the air is to 
be varied throughout the day then these tests should be made at 
various hours throughout the day. If a constant rate of aeration 
is to be used then the tests should be made at whatever time the 
dissolved oxygen is at a minimum; this will usually be found a 
few hours after receipt of the peak sewage flow. Samples should 
be collected from various points between the inlet and the outlet 
of the aerators. Unfortunately the dissolved oxygen determina- 
tion, the most important of all operating control tests, can nvt 
be made directly on the mixed liquor because of interference from 
the sludge floc. The accurate determination is extremely difficult 
and requires special equipment,’ however tests for routine plant 
control may be made on samples of supernatant liquor siphoned 
off from larger samples of mixed liquor collected from the aera- 
tors. At Salinas, California,’ the writer collected 2 liter samples 
from the tanks and allowed them to stand until sufficient clear 
water could be siphoned off to fill the small D.O. bottles. Ordi- 
narily 5 to 15 minutes standing sufficed although at times of 
severe bulking as much as 40 minutes was required. That pro- 
cedure is open to the objection that the sludge consumes some 
oxygen during the sedimentation period. However, on several 
occasions we siphoned off a second sample an hour or two after 
taking the first one and repeated the D.O. determinations; the 
decrease in dissolved oxygen in the supernatant over the elapsed 
time was surprisingly small. Theroux, Eldridge and Mallman* 
recommended the addition of 10 ml. of 10 per cent copper sul- 
phate solution to the 2 liter samples of mixed liquor. The cop- 
per sulfate acts as a coagulant, speeding up sedimentation, and 
at the same time halts biological oxygen consumption. Theo- 
retically, at least, this method is open to the objection that the 
copper sulfate tends to react with the potassium iodide added 
‘iter liberating iodine and thus giving results that are too high. 
jfeukelekian uses about half as much 10 per cent sulfuric acid 
in place of the copper sulfate. The writer has tried all three 
methods simultaneously at Grove City on several occasions and 





Setthhy 711ne / tases 


Fig. 1\—The Effect of Sludge Density (Sludge Index) on the 
Volumetric. Sludge Settling Test. 
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found little or no practical difference. We use copper sulfate in 
our routine work. 

Regardless of the method used to separate out the sludge floc 
the Rideal-Stewart modification of the Winkler method should 
always be used for determining the oxygen in the small, siphoned 
samples because of the possible presence of nitrites in the liquor, 
see “Standard Methods.’”” 


Measuring Sludge in Mixed Liquor 


We have mentioned increasing or decreasing the amount of 
sludge in the aerators as a means of controlling the oxydation- 
adsorption balance. This leads us to the second most important 
control test, namely, some means of measuring the amount of 
sludge in the mixed liquor. By amount of sludge we mean 
weight of sludge solids. No universal rule can be given for de- 
termining the proper amount. Perhaps 600 to 1500 ppm. of sus- 
pended solids in the mixed liquor would cover most mechanical 
aerators while 1200 to 3000 would cover most compressed air 
plants. The higher the sludge content of the mixed liquor the 
faster will adsorption and oxidation progress, but the greater 
will be the power requirements. If the aeration period is short 
an increased sludge content will give a higher degree of treat- 
ment, but if an adequate aeration period is available almost as 
good purification can be obtained with a low sludge content and 
a considerable saving in power may be realized. With a low 
sludge content organic matter adsorption per unit weight of 
sludge is very high and hence a very high rate of biological oxi- 
dation must be maintained. Therefore, if the sludge content is 
low, there is more danger of a plant being upset by sudden shots 
of strong sewage or organic trade wastes. 

Standard suspended solids determinations are the only accurate 
means of finding the actual weight of sludge solids in the mixed 
liquor. Unfortunately the test requires considerable time and, for 
small plants, expensive equipment. In spite of these handicaps 
the test is extremely valuable and should be made at least once 
a day at all but the very smallest plants. It should be made at 
the same time each day. The time selected should be such that 
the sewage flow for the past several hours has been nearly iden- 
tical with that of the same hours of each preceding day—usually 
8 or 9 a. m. will be the most satisfactory time. The writer has 
followed this practice at Salinas’, Topeka” and Grove City. We 
governed the daily amount of activated sludge wasted almost 
entirely by the results of these determinations. This procedure 
does not accomplish the very desirable end of keeping the sus- 
pended solid content of the aerators constant at all times through- 
out the day. It was probably a minimum at the time the peak 
flow started coming in and at a maximum in the evening when 
the sewage flow drops off. However, it did serve to keep the 
average daily suspended solid content of the aerators fairly con- 
stant. If it is desired to hold the solid content of the aerato~s 
constant throughout the day then one of the approximate “short- 
cut” methods of solid determination (to be described later) may 
be used as frequently as desired, but the standard suspended 
solids test should be made daily as a check on the short-cut pro- 
cedure. After considerable experimentation the writer has con- 
cluded that the saving in power made possible by hourly checks 
of the solid content of the aerators was not sufficient to justify 
the time consumed in checking, but such a conclusion can apply 
only to the plants with. which he was connected. Anderson, em- 
ploying a centrifugal estimation, has found the opposite to be the 
case at Rockville Center.**’*” 

Before leaving the subject of gravimetric solids determinations 
the writer wishes to make a plea for all operators to base their 
control on suspended solids determinations rather than on total 
solids determinations. It is the suspended solids in the sludge that 
exert the bulk of its oxygen demand. It would be permissible 
to base plant control on total solids determinations only if the 
dissolved solids were practically constant. Such is not the case— 
at Salinas’ dissolved solids in the mixed liquor, and plant effluent, 
ranged from 600 to 1500 ppm. under varying sludge conditions; 
at Grove City the range is 200 to 500 ppm. 

Because of the time required for suspended solids determina- 
tions various short-cuts have been used. The simplest are the 
settling tests and these were the earliest tests used. Sampks of 
sludge or mixed liquor are simply collected in liter graduates, 
allowed to stand for some given time, and the per cent of set- 
tleable solids observed at the end of that time. In the early days 
it was usually customary to carry a volume of about 20 per cent 
sludge, after 30 minute standing of the mixed liquor. The test 
is still used and is quite helpful so long as its limitations are 
kept in mind. Various standing times are used, ranging from 
10 minutes to 1 hour or even longer. 


The Sludge Index 


Attempts to correlate the volume of settleable solids, as deter- 
mined in this way, with the actual weight of suspended solids in 
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the sample soon showed that no such relationship existed unless 
the sludge index’ was also taken into consideration, see Figure 2. 
“The sludge index (S.I.) is the volume in cubic centimeters occu- 
pied by 1 gram of sludge solids after settling 30 minutes ;” it is 
computed by multiplying the per cent sludge by volume after 30 
minutes standing by 10,000 and dividing that product by the parts 
per million of suspended solids by weight in the same or a similar 
sample of mixed liquor. The longer the settling test samples are 
allowed to stand, i.e., the more the sludge compacts, the less the 
influence of the S.I. on the results of the test and, hence, the 
closer the’r apprcx’mation to the actual weight of sludge solids 
present. Figure 1 illustrates this point fairly well. In general 
the settling test alone can not be relied on except in the smallest 
plants, and even then only in those small plants that are so amply 
designed that they are subject to little bulking. In such plants 
the possible saving in power may not be great enough to warrant 
the added cost of conducting more accurate determinations. 


The Centrifuge Test 


Another short-cut is the centrifugal test. This test consis‘s 
of collecting samples of mixed liquor or sludge in 15 ml. cen- 
trifuge tubes and “spinning” them for a given short time (2 to 
10 minutes) in an electrical centrifuge. A hand centrifuge will 
not serve because of the impossibility of always spinning the 
samples at the same speed. 

The writer first heard of this test being used at the Indian- 
apolis plant in 1928. Like the settling test, it is, at best, a vol- 
umetric determination. Nevertheless, it has two outstanding ad- 
vantages over the gravity settling test. First, it is extremely 
rapid, and second, it compacts the solids more and hence there 
is better correlation between its results and those of gravimetric 
suspended solids determinations. The writer has used a 2 min- 
utes spinning period at 2600 f.p.m. at Salinas and Grove City. 
At both plants we found that the results of this test were greatly 
influenced by the sludge index, see Figure 3. Setter’ used a 10 
minute period at the same speed and got fair correlation with 
the suspended solids test so long as the suspended solids exceeded 
1000 ppm.; at lower solids concentrations the volume of se lime t 
was too small to permit satisfactory readings. Anderson’ ™ ” 
used a 5 minute period at 1800 r.p.m. at Rockville Center and 
considers the test very satisfactory although he gives no data to 
correlate it with suspended solids determinations. If the test is 
to be used the operator should first make sufficient trials to pre- 
pare a graph similar to Figure 3. Once such a graph is available 
he may determine the sludge index at caily to weekly perio’s 
and from that determination and the graph he can select the de- 
sirable centrifugal test results for more frequent determinations. 


In addition to determining the amount of sludge being carried 
in the aerators it is desirable to know something of its condition. 
The sludge index, as previously described, is valuable in this 
respect. Color, odor, and floc structure are also valuable. Pe- 
riodic microscopical examinations are useful. After a little ex- 
perience these tests, or observaticns, will usually be found ade- 
quate for most plants. In some cases the volatile content or dis- 
solved solids content of the sludge may be found helpful.* Still 
bet.er tests require special equipment such as tte Ode2ometer'y’ 
Oxy-Utiometer,” etc. 


Tapered Aeration vs. Delayed Loadings 


It was previously stated that the rate of oxidation was usually 
highest when the sludge first comes in contact with the sewage 
and that afterwards it falls off gradually. If the air is supplied 
in just sufficient amounts to maintain a minimum dissolved oxy- 
gen content at all points in the tanks it will be found that 
considerably more air is used at their inlet ends than is used at 
their outlets. This method is known as tapered aeration. Since 
the rates of adsorption and oxidation increase with increased 
amounts of sludge, tapered aeration is more necessary when a 
high sludge content is carried. The rates of oxygenation is lim- 
ited for any aeration device, but is generally lower for mechan- 
ical aerators than for compressed air plants,” hence the former 
usually carry less sludge and frequently provide longer aeration 
periods. At the new Tallman’s Island” plant provision is made 
for adding sewage or return sludge at several different points 
along the aeration tanks, thereby avoid'ng the necessity of using 
such high aeration rates at their inlets. In small plants it is 
possible to reduce the necessity for tapered aeration by returning 
a large volume of very dilute sludge. Experience has taught 
many operators that this practice is a good one for small plants 
in particular. The excess water reduces the oxygen demand of 
the mixed liquor at the aerator inlets and forces the sludge along 
the aeration tanks faster, thereby reducing the air requirements 
at the inlet end and increasing it further along the tanks. 








Importance of Prompt Sludge Recirculation 


It used to be considered good practice to carry a considerable 
depth of sludge in the final clarifiers in order to get as high a 
solid content, and hence as low a volume of, return sludge as 
possible. Studies” have shown that the oxygen demand of such 
sludge is frequently so high that it is almost impossible to satisfy 
it by any aerating device. It has also been found” that the actiy- 
ity of the sludge was greatly impaired by even comparatively 
short concentration periods in the clarifiers and that the fresher 
the sludge the greater was its purifying power; the effect being 
most noticeable at plants having a short aeration period. There- 
fore, the rate of withdrawal from final tanks should be such as 
to remove the sludge as quickly as possible. In large plants 
where the cost of pumping excess water may exceed attendance, 
or in plants using sludge reaeration, it is wise to make frequent 
sludge soundings and to keep the rate of withdrawal at a mini- 
mum consistent with rapid sludge removal. In small plants that 
do not have sludge reaeration this extra attendance is not justi- 
fied and a very high, constant, rate of sludge withdrawal can be 
used throughout the 24 hours. When the plant is treating a 
strong sewage the daily sludge withdrawal may be actually equal 
to the sewage flow with no ill results and, possibly, some benefit. 
(At first it might appear that such an increase in volume of 
sludge return would unduly shorten the aeration period, however, 
it may be shown mathematically that increasing the rate of re- 
turn from 20 per cent to 50 per cent (equal sludge and sewage 
volume) cuts the nominal aeration period only 10 per cent be- 
cause so much of the liquor in consequence passes through the 
aerators more than once.) 

Most plants are not designed for sludge reaeration. If reaera- 
tion is used it is desirable to keep the rate of sludge withdrawal 
from the final tanks at a minimum, consistent with rapid sludge 
removal, in order to have the longest reaeration period, providing 
it is possible to maintain some dissolved oxygen at all points in 
the reaeration tank. If that can not be done then the rate of 
withdrawal must be increased so as to reduce the oxygen demand 
of the reaerating sludge. 


Sludge Concentration Important 


To intelligently divide the sludge withdrawal between return 
and waste it is necessary to make daily suspended solids tests on 
the mixed liquor, as previously discussed. If these results are 
below the amount of sludge desired the amount going to waste 
should be decreased and vice versa. Waste activated sludge 
should always be concentrated before introducing it into sludge di- 
gestion tanks. At most plants the only means of concentration 
provided is the introduction of waste activated sludge into the 
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Fig. 2—A Picture of the Lack of Correlation Between V olumetric 
Sludge Test and the Gravimetric Test. The Necessity of Taking 
into Consideration the Density and Settleability (Sludge Index) 
Is Clearly Evident. 















primary settlers. It has been the writer’s experience that where 
this method is used better concentrations of primary sludge are 
obtained by wasting continuously over the 24 hours at a low rate 
than are obtained by wasting at a higher rate for a shorter time. 
This method of wasting excess activated sludge has many disad- 
vantages,” particularly when the sludge is bulked. A_ better, 
though less common method entails the use of a separate tank, 
termed a sludge thickener, and the use of chlorine.” * Where 
a thickener is provided best results are obtained by feeding it 
with mixed liquor direct from the aeration tanks instead of with 
sludge withdrawn from the final clarifiers. The clear, chlorinated, 
supernatant from the thickener may be discharged to the incom- 
ing raw sewage, the return activated sludge or the final effluent. 
Either of the first two are preferable because of its beneficial 
action in overcoming septicity. 


Troubles 


Now just a few words concerning troubles. Sludge bulking is 
probably the most common trouble encountered with the activated 
sludge process. The term “bulking” has been used by some to 
cover the condition of sludge pouring over the weirs of final 
clarifiers, but the writer considers that an improper use of the 
term. A bulked sludge is simply a sludge that, after a given 
settling period, occupies a greater volume than would a normal 
sludge containing the same amount of suspended matter by 
weight. Bulking is best measured by the sludge index® as previ- 
ously described. Whether or not a bulked sludge will pour over 
the weirs of final clarifiers depends, primarily, upon the design 
of those tanks. The more generous their design the higher can 
the sludge index become before the effluent is fouled. 


It was previously stated that when oxidation lagged behind 
adsorption the sludge floc became so light that it would not settle 
properly, in other words, the sludge bulks. We have given six 
possible causes of oxidation lagging behind adsorption and sug- 
gested means of overcoming them. Any one of those six will 
cause bulking if not corrected. Certain microscopic, filamentous, 
growths will cause, or increase, bulking. Sphaerotilus is far the 
most common organism. Even though the sludge is constantly 
seeded with these organisms they do not flourish in the sludge 
if oxidation is keeping pace with adsorption, but if oxidation 
lags behind adsorption the sludge may become an ideal habitat 
for profuse growths. Correct the oxidation-adsorption balance 
and the number of Sphaerotilus will greatly diminish. Other 
filaments than Sphaerotilus may cause bulking, notably Cladothrix 
and Leptothrix, but their occurrence is so rare as to warrant no 
discussion here. 

Bulking is not the only cause of excessive amounts of sludge 
passing out with the final effluent, although it is the most common 
one. There are two other causes. One is simply insufficient 
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Fig. 3—A Picture of the Less but Evident Effect of Sludge Index 
Values on Suspended Solids Tests With the Centrifuge. 


209 


sludge withdrawal, the other is “sludge rising.” Rising sludge is 
most commonly encountered in plants treating sewage high in 
nitrogenous matter (notably meat packing wastes) where nitri 
fication is quite high. The sludge will se.tle rapidly in tanks on 
graduates, but will rise again in from 20 to 90 minutes. The 
sludge is lifted by accumulations of nitrogen gas. At some 
plants” it has been overcome by keeping the dissolved oxygen in 
the aerators very low at others” it has been found helpful to 
increase the amount of sludge carried in the aerators. 


Digester overflow liquor has caused considerable trouble at 
several activated sludge plants, among them Grove City. At most 
plants it is common practice to return digester overflow to the 
raw sewage, and, in a properly proportioned plant, the liquor will 
cause little or no difficulty providing its solid content does not 
exceed 0.2 per cent. If the overflow contains more than 0.5 per 
cent solids it turns primary clarifiers septic and covers them 
with gas-buoyed sludge. Under such conditions their effluent is 
very difficult to treat by the activated sludge process. At Grove 
City we have an overflow averaging well over 1.0 per cent solids. 
We add lime to it and turn it directly into the aeration tanks. 
The proper lime dosage, in our case, seems to be about 1 pound 
of lime to each 10 cubic feet of liquor. The liquor turns the 
aerators very dark, detracts from the appearance of the effluent, 
and unquestionably puis a tremendous burden upon the activated 
sludge process. However, we have been able to treat most of 
the liquor in this way although it seriously upset the plant when 
we attempted to return it to the raw sewage. 
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PURGING AIR DIFFUSER PLATES WITH CHLORINE 





By W. M. FRANKLIN, Superintendent 


Water and Sewage Plant, Charlotte, North Carolina 


The five aeration units at the Irwin Creek Sewage Treatment 
Plant, at Charlotte, N. C., are of the ridge and furrow type, 
equipped with diffuser plates. Manometers register the cubic 
feet of air per minute being delivered to each aeration unit. A 
master air-meter records the total quantity of air applied. 


In the early summer of 1938 the diffuser plates in all the units 
became so badly clogged that it was impossible, even with two 
blowers in service, to get enough air through them to maintain 
proper aeration. All units were then cleaned out, as rapidly 
as they could be spared from service, and the diffuser plates 
scrubbed with muriatic acid. This had been the practice since 
the beginning of plant operation. All but two of the units re- 
sponded reasonably well to this treatment. Units, No. 1 and 
No. 5, became clogged again after a few weeks operation. The 
acid cleaning was repeated in these two but with no better suc- 
cess. The normal average delivery of air per unit with one blower 
in operation is about 700 to 750 cubic feet per minute. The deliv- 
ery of the diffusers in No. 5 unit was down to an average of 450 
ft. with one blower in service, and with two blowers in parallel 
an average of 750 ft. could be maintained—(see Fig. 1). Since 
it was impossible to increase the air delivery in these two units 
by throttling the other three, and thus increasing the pressure 
of the air in the header feeding the diffusers; we were in some- 
thing of a “mess.” 


At this time the plant load was heavy and the removal of one 
unit from service for a period long enough to empty and clean 
was extremely hazardous. 

We decided to follow a suggestion previously made by L. H. 
Enslow of the Chlorine Institute. This suggestion was to add 
chlorine (as gas) to the air headers leading to the diffusers, with 
the idea that the chlorine would destroy algae growth in the plates, 
and might attack other clogging materials. 

We first viewed this plan with alarm, fearing that the presence 
of chlorine gas in the air lines might cause corrosion, especially 
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Air Delivery 


Fig. 1.—Graph Showing Change in Air Delivery Before and After Treatment of Plates With Chlorine Gas, in Situ 


in the small feeder lines. Finally it was decided to try chlorine 
anyway. A tap was made in the header feeding No. 5 unit and 
chlorine fed into the air flow at the rate of about 17 lbs. per day, 

In Fig. 1 the delivery of the diffusers in No. 5 aeration unit, in 
cubic feet of air per minute, has been plotted from August 22, 
1938, through Oct. 9, 1938. Dotted lines indicate the period during 
which two blowers were operating in parallel, the solid lines 
indicating the period during which only one blower was in oper- 
ation. Note that on Sept. 15 chlorine was fed for about four 
hours at the 17 lb. per day rate with two blowers operating, 
After the chlorine was cut off the two blowers remained in 
service the 18th. At this time one blower was removed from 
service and on the 19th the chlorine application was continued 
until the 150 Ib. cylinder was exhausted on Sept. 25. The second 
blower was put on the line on the 24th with the idea that the 
increased velocity through the plates might help in opening up 
the pores. On the 30th normal operation was resumed with one 
blower. 

Note the increase in air delivery during the period following 
the first “shot” of chlorine until the end of the curve on Oct. 9, 

Actually, the chlorine brought about an increase of approxi- 
mately 66% in air delivery with one blower in service and 53% 
with two blowers in service, as is shown by the curve. Needless 
to say we were so well pleased with the results that we immedi- 
ately cleaned No. 1 unit with one cylinder of chlorine getting 
equally as gratifying results as was the case in the No. 5 unit. 

At this date March 1, 1939, the air delivery of the diffusers 
in both Unit No. 5 and Unit No. 1 is about 750 cubic feet per 
minute and no detrimental effects from the application of chlorine 
have been observed. 

It is our theory that the action of the chlorine not only cleaned 
the surface of the diffuser plate but also cleaned the pores from 
the inside out, removing organic matter from interior pores of 
the plate which could only otherwise be removed by a heat 
treatment, or long soaking in an acid bath. 














CHLORINE DOSAGE CONTROL IN SEWAGE 
TREATMENT 


By G. E. SYMONS, Chief Chemist; J. W. JOHNSON, Asst. Works Supt.; R. W. SIMPSON, Assoc. Chemist 
Buffalo Sewage Authority, Buffalo, N. Y. 


N ANY sewage treatment works employing disinfection by 

chlorination, some control of chlorine dosage is necessary to 
meet the varying needs. The larger the plant the more important 
is such control, both from the standpoint of economy and bac- 
tericidal efficiencies. With chlorine on the restricted use list 
of the Federal Government, efficient and non-wasteful usage 
becomes the more important—and, therefore, there is particular 
merit in efficient application control in the sanitary field which 
is enjoying a priority rating—only second to direct defense. 

Quite obviously, any system of continuous chlorine dosage 
control to meet variable conditions will produce the most. efficient 
results’’. Lacking continuous control, some “programmed step 
by step method of chlorination” offers the best substitute. The 
time interval of the steps may be dictated by the size of the 
treatment works, the variables of chlorine demand and flow, the 
plant personnel and operation routine, the desired results, and 
the economy involved. 

The effect of all these factors was considered in the develop- 
ment of the control system for the Buffalo Sewage Treatment 
Works. Ina previous paper from this laboratory on “Variations 
in the Chlorine Demand of Buffalo Sewage” the effect of plant 
design and pumping schedules on the variations in chlorine de- 
mand were discussed. 

Buffalo's sewage, etc., arrives at the plant relatively fresh. 
With the absence of sulfates in the city water supply, there is 
little or no hydrogen sulfide present in the sewage; and, as has 
been earlier reported™, the chlorine demand is on this account 
relatively low by comparison with that of many other cities. 

Still another reason for the low chlorine demand is the high 
dilution of the sewage. This derives from a high per capita water 
usage and flow equivalent to approximately 200 g.c.d. 

A third reason for somewhat lower demands than observed 
elsewhere may be due to the technique used in the Bird Island 
Laboratory for determining chlorine demand. The spot plate 
technique, which has been earlier reported® *’, apparently gives 
results slightly lower than the technique of the present standard 


method”. 
The Chlorination Plant 


In order to give a picture of equipment and its relation to 
chlorine dosage control, a short description of the chlorination 
department follows: The plant is equipped with five semi-auto- 
matic (converter control) solution feed vacuum chlorinators, 
each capable of delivering 6000 Ibs. of chlorine per day. These 
machines feed chlorine at variable rates which follow all changes 
in flow rates. Ton containers of chlorine are brought into the 
building by means of an overhead trolley crane and set in two 
battery cradles of five containers each. Each battery is connected 
by a common’ header from which the liquid chlorine may be 
drawn to one or more of five steam-coil evaporators. Use of 
these evaporators is necessitated because the daily chlorine dosage 
is greater than the maximum possible continuous withdrawal of 
chlorine in gaseous form from five containers. 


Pre-Chlorination Practiced 


The chlorine is conveyed in aqueous solution through rubber 
lined pipes to diffuser nozzles located in each of two sewage 
conduits. These diffusers discharge into the sewage after a 
short aeration period some distance ahead of the sedimentation 
tanks which serve as chlorine contact basins and equalizing units. 
Complete mixing of chlorine solution in the sewage is obtained, 
almost immediately with the efficient diffuser installed. Indi- 
vidual evaporators and chlorinators are interconnected but any 
chlorinator may feed to either sewage conduit. Amounts of 
chlorine fed are recorded in rates per 24 hours and integrated 
in total pounds per day by “Telemetric” chlorine flow recorders. 
_ From considerations of the pumping schedules, and the varia- 
tions in the chlorine demand from hour to hour, it was found 
advisable to adopt hourly dosage control™. This period could 
be fitted well into a sampling schedule; it was not too long a 
period to allow uneconomical waste if overdosage occurred, or 
too long a period for undertreatment in case of underdosage ; 
it was but slightly more than average contact time (estimated 
to be one-half of the theoretical detention period) within the 
clarifiers. Changes in rate of sewage flow from hour to hour 


were relatively of no importance since a pump discharge is 
practically constant, varying only slightly with the level in the 
wet well. However, the chlorine demand in p.p.m. may vary 
considerably from hour to hour. Under these conditions the 
use of flow converters to control dosage according to flow was 
only of partial value, because during the morning hours the 
dose would be below the demand and after the midday peak 
there would be an overdosage. 


A Control System Developed 


In the development of a control system, it was necessary to 
set up certain definitions, techniques, dosage curves, control tests, 
and factors. These were essential to meet all possible variations 
of chlorine demand by hours or seasons, and with temperature 
and storms and industrial wastes as well as with pumping sched- 
ules and other operating conditions. 


Definitions 


Chlorine Demand: The parts per million (mg. per liter) of 
chlorine required to be added as chlorine water (1 mg. Cl. per 
ml.) to produce 0.1 p.p.m. of residual chlorine after 15 minutes 
contact of the chlorine water and sewage. (Hypochlorite solu- 
tions will give lower chlorine demand values and their use does 
not simulate actual practice in plant operation.) 


Residual Chlorine: That chlorine added to water or sewage 
which is available, after a definite contact time, for reaction 
with orthotolidine or potassium iodide. It is the surplus of 
active chlorine added which is not required in satisfying the 
chlorine demand of the liquid chlorinated. 


Spot Test: The determination of the residual chlorine in 
chlorinated liquids by the addition of 3 drops of orthotolidine 
ene to 1 ml. of sample on a conventional laboratory spot 
plate. 

Immediate Chlorine Demand (I.C.D.): The parts per million 
(mg. per liter) of chlorine required to be added as chlorine 
water (1 mg. Cl. per ml.) to produce 0.1 p.p.m. of residual 
chlorine when a spot test is made on the sewage immediately 
after the addition of the standard chlorine water. This value is 
indicated by the abbreviation I.C.D. 


Reagent Factor: The factor used to calculate p.p.m. of chlo- 
rine demand from the amount of chlorine water added to the 
sample. This factor is calculated from the size of the sample 
(in ml.) used for the determination, and the strength of the 
chlorine water in mg. per ml. Reagent factor « ml. of chlorine 
water = p.p.m. of chlorine demand (C.D.). 


Chlorine Demand Rate per 24 Hours: The feeding rate, in 
terms of pounds of chlorine added per day, required to satisfy 
the chlorine demand of any given flow of sewage with a par- 
ticular chlorine demand, i.e., the rate of feed required in lbs./24 
hrs. to meet the chlorine requirement for the flow and sewage 
strength (chlorine demand) existing at any hour. Chlorine 
demand rates per day equal p.p.m. of C.D. x flows in m.g.d. x 
8.34. This value can be determined directly from the Multiple 
Chlorine Demand Nomograph, published in the November, 1940, 
issue of this magazine. It is an adaptation of a single nomo- 
graph for chlorine demand originally developed by Everett C. 
Handorf™. 

Chlorine Demand in Pounds per M.G.: Lb. per m.g. = p.p.m. 
of CD. x S34 


Dosage Factor: The factor by which the chlorine demand 
(lb. per m.g.) at any particular hour must be multiplied to de- 
termine the chlorine dosage rate (lb. per m.g.) for the following 
hour. 

The use of this factor is necessary in the control of the 
chlorine dosage because the time required for collecting the 
samples and making the chlorine demand test makes it im- 
possible to ascertain the demand until about 40 minutes after 
the sewage represented by the sample has been chlorinated. This 
factor is affected by the time of day, season of the year (tem- 
perature of sewage) and storm flows. 

Dosage Rates: The number of pounds of chlorine to be added 
~ each million gallons of sewage pumped during the succeeding 

our. 





















































































The Determination of Chlorine Demand 





Approximately a 5 pint sample of raw sewage is collected 


every hour on the hour at the inlet well. 


Equal quantities of 


clarifier influent (approximately 1 minute after chlorine dosage) 
and of plant effluent are collected within 10 minutes of the raw 
sewage samples. All three samples are delivered immediately 
to the laboratory for analysis. Residual chlorine tests are made 
both on the chlorinated clarifier influent and effluent. If no 
residual exists in these two samples, the chlorine demand is 
determined on all three samples approximately 15 minutes after 


collection, as follows: 

(1) Reagents: Chlorine water made by 
passing chlorine gas through distilled water 
or tap water (if low in carbonates) until 
1 ml. contains approximately 1 mg. of chlo- 
rine. Standardize by titration with thiosul- 
phate. Orthotolidine indicator so'utions as 
recommended in “Standard Methods of Wa- 
ter and Sewage Analysis,” 8th edition“. 

(2) Procedure: Measure out 5 portions of 
sewage to be tested, by completely filling 200 
ml. Erlenmeyer flasks which actually hold 
approximately 217 ml. To the first of these 
samples add the standard chlorine water, 
0.5 ml. at a time (equivalent to approximate- 
ly 2 p.p.m. of chlorine) mixing by gentle agi- 
tation until a spot plate test, using 3 drops of 
orthotolidine solution and 1 ml. of the sam- 
ple, give a detectable yellow color“ but not 
necessarily a non-fading color. Call this the 
immediate chlorine demand (I.C.D.). 

Using the I.C.D. as the basis of dosage, 
add reagent chlorine water to the other 
flasks in increasing quantities, using incre- 
ments of 0.2 to 0.5 ml. above the I.C.D. 
Gently mix the contents of all flasks and 
allow to stand for exactly 15 minutes. At 
that time determine the residual chlorine in 
each flask by a spot test. (It may generally 
be expected that the I.C.D. is approximately 
80 per cent of the 15 min. chlorine demand.) 

Usually 1 minute is sufficient for the devel- 
opment of maximum color. Use standards 
made from chlorine water or permanent 
standards made from copper sulphate and 
potassium dichromate solutions. These latter 
must, however, be adjusted to match the hue 
produced by chlorine water and orthotolidine 
in a spot plate. 

When the maximum color has developed 
in all spots determine the dosage which has 
produced 0.1 p.p.m. of residual chlorine or 
thereabouts. In the absence of standards for 
comparison, pick the spot with the minimum 
color. This color is approximately 0.1 p.p.m. 
In some cases it may be necessary to interpo- 
late in order to determine the amount of 
chlorine reagent necessary to produce the 
readable color. 


(3) Calculations: Calculate the chlorine 
demand from the amount of chlorine water 
used and the reagent factor, as illustrated 
previously. When using 250 ml. of sample; 
ml. of chlorine solution X mg. of chlorine 
per ml. X 4 equals p.p.m. chlorine demand 
(C.D.), or prepared tables may be used for 
different sized samples and different re- 
agent factors. 

For the data records the Chlorine Demand 
Rate in pounds per 24 hours is determined 
from the chlorine demand in p.p.m. and the 
registered sewage flow at the time of the 
sampling. The Chlorine Demand Nomo- 
graph™® (see cut) is used for this cal- 
culation and the resulting value is utilized 
in weighing the 24 hour average chlorine de- 
mand in parts per million. 


Directions for Using the Nomograph 


In reading the nomograph to determine the 
chlorine demand or dosage in 1,000 nounds 
per day from the p.p.m. and the flow in 
m.g.d., a simple algebraic rule for multipl- 





cation must be remembered, viz., plus times plus equals plus, plus 
times minus equals minus, and vice versa, and minus times minus 
equals plus. Therefore, if the A+ and C+ scales are used, read on 
B+, or if A+ and C— are used, read on B—, or if A~— and 
C— scales are used, read B+. 

The use of these scales in this manner allows a range of 
from 1 part per million and 1,500 mg.d. to 150 p.p.m. and 10 
m.g.d. with the thousand pounds per day varying between 0.1 
and 1,500. Factors or multiples of 10 extend the range in both 
directions. By the use of factors or multiples, the readings can 
always be kept in the area most easily read. A factor of 1,000 
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y convert thousand pounds per day to pounds per day. 


ill easil 8 
“A” and “C’” can be used for quantities rather than rates 


r day, in which case Scale “B” reads in quantities rather than 


yer day. sa : . 
— nomograph has other applications than in chlorine ap- 


plication. It may be used to calculate pounds or thousand 
pounds of solids in sewage, or sludge, from the analysis and 
the volume, and for other purposes. 

This type of nomograph has several advantages, its use 1s 
simple, it gives relatively accurate readings, its system and use 


TABLE I 
FACTORS FOR DETERMINING CHLORINE DEMAND AT ANY HOUR FROM RESULTS OF PREVIOUS HOUR 


P 7 - ——-April—— ——— May—— June, July, Aug., Sept Oct., Nov., Dec 

Season oes ~% ms ae Per © Factor PerCent Factor Per Cent ‘actor PerCent Factor 
ek M103 1.0 97 1.0 105 1 102 10 88 19 

5 “M11 116 1.2 107 2 

sae He tl 114 il 111 1 108 1 111 11 
OO AM. 113 1.1 115 1.2 122 1.2 116 1.2 118 1.2 
eT 102 1.0 11 11 110 11 103 1.0 104 1.0 
12:0 OM. 100 1.0 96 1.0 88 09 105 11 100 1.0 
+ M. 98 1.0 98 1.0 97 1.0 99 1.0 100 1.0 
2:00P M 102 1.0 100 1.0 98 1.0 101 10 103 1.0 
; $4 M. 106 11 98 1.0 109 11 100 1.0 100 1.0 
$00 PM. 100 1.0 106 1.1 97 1.0 100 1.0 103 10 
SPM. 9 1.0 92 0.9 98 1.0 97 1.0 99 1.0 
6:00 P. u + 10 100 10 100 1.0 100 10 96 10 
= > M 9 09 98 1.0 98 1.0 a7 1.0 95 1.0 
9:00 P. M 100 1.0 89 0.9 95 0.9 95 1.0 97 1.0 
0:00PM. 9% 09 95 1.0 98 1.0 09 94 09 
11:00 P.M. 104 1.0 95 1.0 100 1.0 100 1.0 102 10 
He Mid. 94 0.9 97 1.0 96 1.0 95 10 97 10 
4 AM 98 1.0 97 1.0 96 1.0 102 1.0 oR 10 
2:00AM. 95 1.0 100 1.0 98 1.0 98 1.0 97 10 
3:00 AM 95 1.0 100 10 96 1.0 v 1.0 9 1A 
4:00A.M. 92 09 94 09 3 1.0 09 03 09 
5:00AM. 97 1.0 94 0.9 9 1.0 a4 09 100 1.0 
6:00A.M. 97 1.0 90 09 97 1.0 94 09 » 10 
7:00 A.M. 103 1.0 11 Ml 103 10 102 1.0 96 10 


can be easily taught to routine control, and it eliminates much 
calculation where the chlorine demand determination is made 


frequently. 
Determination of Chlorine Dosage 


After the determination of the chlorine demand on the 3 sam- 
ples, the results must be translated into operation control. The 
data available for this use include the following: 

a. The 15-minute chlorine demand of the raw sewage. 

b. The residual chlorine or chlorine demand (as the case 
may be) of a sample of sewage that had been chlorinated 1 
minute before the sample was taken and approximately 15 
minutes before the test is made. 

c. The residual chlorine or chlorine demand of a sample of 
settled effluent (from the clarifiers) which has been chlorinated 
approximately 40 minutes (approximate contact or flow through 
time) before the sample was taken and 55 to 60 minutes before 
the test is made. 

Obviously all of these data represent conditions that have 
passed and therefore some relation between such data and future 
hours had to be develepod. The average or normal expected 
relation of the chlorine demand of one hour to the next for 
raw sewage was determined from statistical study of the hourly 
variations in chlorine demand™®. Inasmuch as these relations 
vary with seasonal temperatures, it was necessary to develop 
several series of factors to apply at the different seasons. These 
are listed in Table I which shows the percentage by which the 
chlorine demand of the previous hour must be multiplied to 
obtain the chlorine demand for the hour desired. For practical 
purposes these percentages were rounded off to factors contain- 
ing one decimal place as shown. 

If there were no other factors involved, .it would be possible 
to calculate the Chlorine Dosage Rate in pounds per million 
gallons for the succeeding hours from these factors and the 
chlorine demand in p.p.m. of the sample of the previous hour. 
However, it has been found in practice that there is a seasonal 
empirical factor that must be applied to these calculations. In 
the winter time it is found that something less than the calculated 
chlorine dosage from laboratory tests will satisfy the actual 
demand of the sewage in the plant and will produce a residual 
chlorine content in the sewage 15 minutes after dosage. In the 
summer the reverse is true. A study as to the reason for this 
empirical factor is underway, but as yet no explanation is avail- 
able. Therefore, a series of Dosage Factors to fit operating con- 
ditions has been developed for the various seasons. These are 
shown in Table II. 

Having determined the demand of the raw sewage in p.p.m., 
then by the use of the various tables the Dosage Rate in pounds 
per million gallons can be calculated for the succeeding hour. 
The value is telephoned to the operator in the chlorination de- 
partment, who observes the rate of flow (m.g.d.) in each sewage 
conduit, multiplies the dosage rate by the flow and sets the 
chlorinators accordingly for the succeeding hour. 

As might be expected, there are exceptions which will not 
fall into this regular routine. The tests on the chlorinated in- 
fluent and effluent samples are an aid in checking operation and 
exceptional conditions. For example, the chlorinated influent 
sample is approximately 15 minutes old when it is “spotted out” 
in the laboratory. This is a check on the chlorinator control. 
for the attempt is made to maintain a 0.1 p.p.m. residual at 15 
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minutes to effect a proper bacterial kill®. Any continued over- 
or-under-chlorination at this point calls for adjustment of the 
dosage factor. Likewise, the test on the effluent may indicate 
a chlorine demand and need for adjustment more than a slight 
chlorine demand in the effluent indicates a dosage too low to 
produce effective disinfection. 


Special Conditions Affecting Chlorine 
Control 


To meet the special conditions which arise by virtue of any 
one or more of a number of factors including storms, pumping 
schedules, and others, special rules have been developed from 
practical and theoretical considerations. 

(1) For over- or under-dosage : 

a. If the chlorine demand of the plant effluent sample is over 
0.7 p.p.m., add the demand in p.p.m. to the raw sewage demand 
in p.p.m. for the same hour and use the sum of the 2 to deter- 
mine the dosage rate (lb. per m.g.), for the succeeding hour. 

b. If the residual chlorine in the clarifier influent sample is 
greater than 0.2 p.p.m., subtract the value of the residual in 
p.p.m. from the chlorine demand of the raw sewage sample at 
the same hour (in p.p.m.) and use the difference to determine 
the dosage rate (lb. per m.g.) for the succeeding hour. 

(2) For flows requiring more than 1 pump capacity: 
A table of special dosage factors has been developed as fol- 


lows: 
DOSAGE FACTORS 
During the Period—8 a.m. to 6 p.m., inclusive. 


First Second Succeeding 
No. of Hour of Hour of Hour of 

Pumps in Service Higher Flow Higher Flow High Flow 
CIE Goo oc irs nies nw senior 0.7 0.6 0.6 
FEE Febionwesacnneas 0.5 0.4 0.3 
4 or more pumps ....... 0.4 0.3 0.3 
During the Period—7 p.m. 

to 7 a.m., inclusive. 
2 ers vis stereos dis 0.6 0.5 0.5 
3 pumps or more ........ 0.4 0.3 0.3 


When an extra pump is cut out of service, this table is used 
in reverse. If the number of pumps is changed between hours, 
during the day, recalculation of the dosage rate is made based 
on these dosage factors. At night, however, if pumpage rates 
are changed between hours, no adjustment is made in the dosage 
factor or rate until the following hour. When the number of 
pumps operating is reduced to 1, after storm flows, the dosage 
factor is returned to normal. 

TABLE II 
FACTORS FOR DETERMINING CHLORINE DOSAGE 
Seasonal Dosage Factors for the Determination of the Chlorine Dosage for Any 
Hour from the Analysis of a Sample of the Previous Hour 
Jan., Feb. May and June and Julyand Aug. and 


Season Hour and Mar. April Dee. Nov. Oct. Sept. 
eee 0.9 0.9 1.0 1.1 1.2 1.3 
eee 1.0 1.0 1.1 1.1 1.2 1.3 

ke at. oe 1.0 1.1 1.2 1.2 1.3 1.4 
it 7 Sere 1.0 1.1 1.0 1.2 1.3 1.4 
12:00 Noon ...... 0.9 1.0 0.9 1.1 1.2 1.3 
kui See 0.9 0.9 0.9 1.0 1.1 1.2 
Sot See 0.8 0.8 0.9 1.0 1.1 1.2 
ot Pere 0.7 0.8 0.9 1.0 1.1 12 
St ee 0.7 0.8 0.9 1.0 1.1 1.2 
ao, 0.7 0.8 0.9 1.0 1.1 1.2 
te 0.7 0.8 0.9 1.0 1.1 1.2 
Le. eee 0.7 0.8 0.9 1.0 1.1 1.2 
nt i. STO 0.7 0.8 0.9 1.0 1.1 1.2 
9:00 P.M. 0.6 0.7 0.8 0.9 1.0 1.1 
10:00 P.M. 0.6 0.7 0.8 0.9 1.0 1.1 
11:00 P.M 0.6 0.7 0.8 0.9 1.0 1.1 
12:00 Mid. ... 0.5 0.6 0.7 0.8 0.9 1.0 
1:00 A.M. «.. 0.5 0.6 0.7 0.8 0.9 1.0 
2:00 A.M. ... 0.5 0.6 0.7 0.8 0.9 1.0 
3:00 A.M. ... 0.5 0.6 0.7 0.8 0.9 1.0 
4:00 A.M. 0.5 0.6 0.7 0.8 0.9 1.0 
5:00 A.M. . Of 0.6 0.7 0.8 0.9 1.0 
GOO A.M. 2.25.5. OS 0.6 0.7 0.8 0.9 1.0 
7:00 A.M. 0.7 0.8 0.9 1.0 1.1 1.2 





It is obvious from this table and system that the chlorine 
demand of the sewage is not completely satisfied during storms 
or storm flow periods. This partial chlorination is used for two 
reasons. First, at the high flows, the amount of chlorine neces- 
sary for complete satisfaction may be more than the capacity of 
the chlorinating equipment, particularly during the first hour, 
when both the concentration and the total demand in pounds in- 
creases.” Secondly, inasmuch as the interceptors are designed to 
carry only 2% to 3 times the dry weather flow, there are over- 
flows into the river from the intercepting chambers during pro- 
nounced storm flows. This storm water is generally considered 
to be of less sanitary significance although the bacterial con- 
centration is relatively unchanged from dry weather sewage. 
Inasmuch as excess storm flow and other runoff reaches the 
Niagara River untreated, it is not practical to fully chlorinate 
that portion of the storm flow which does pass through the 
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plant. Data on bacterial reductions’? show that relatively good 

disinfection is obtained in storms by this control. 

(3) For sewage having abnormal chlorine demand: 

Occasionally there occur sudden increases in chlorine demand 
or industrial peak loads.’ These variations cannot be strictly 
followed by hourly adjustments of dosage, partly because the 
analysis, perforce, lags behind chlorination and partly because 
the changes are so rapid within the hour. If the dosage rate in- 
creases less than 25 lb. per m.g. between hours, the normal 
routine is followed. If the rate increases more than 25 Ib. per 
m.g., and the previous dosage rate was above 60 lb. per m.g., 
than the determined rate is averaged with the previous hour and 
the mid-point between the two rates is actually used. 

If the demand suddenly decreases, particularly after an in- 
dustrial peak load, the decrease is followed if it is less than 25 
lb. per m.g. If the decrease is more than 25 lb. per m.g. and the 
previous dosage rate was more than 30 lb. per m.g., then the 
determined rate is averaged with that of the previous hour and 
the average of the two is actually used. 

Under normal conditions when these changes occur, the maxi- 
mum dosage to be used is 125 lb. per m.g. and the minimum 
dosage to be employed is 10 Ib. per mg. The routine tests on 
the clarifier influent and effluent serve as checks on the efficacy 
of this system. 

(4) For sewage exhibiting false end points with orthotolidine: 

When color develops on a spot plate by the addition of ortho- 
tolidine to raw sewage (without any added chlorine) it is an in- 
dication of some industrial wastes which affect the orthotolidine 
reaction. Bacterial tests’ indicate that the waste is not chlorine 
since the bacterial content is unaffected. Therefore, when this 
condition occurs, compensation for the color must be made in 
determining the end point in the chlorine demand test. 

(5) For conditions existing when supernatant liquor is drawn 
from the sludge digestion tanks and returned to the sewage 
conduits ahead of chlorination: 

Under normal operating conditions the effect of supernatant 
liquor on the chlorine demand is practically of no quantitative 
significance, especially if the rate of return is relatively constant. 
If, however, for some reason the supernatant liquor has a high 
demand, a sufficient quantity of chlorine is added to the dosage 
rate to satisfy the demand of the supernatant liquor at the rate 
it is being returned. 

(6) For conditions existing when “chlorine smoke” is produced: 

“Chlorine smoke” is a thin bluish smoke with an acrid odor. 
It seems to be a mixture of ammonium chloride and chloramines. 
The former has been found to crystallize in the ventilating sys- 
tem, and the latter is unquestionably present, as indicated by the 
pungency of these fumes. It is given off from the conduits within 
a few minutes after dosage when the chlorine residual is above 
0.3 p.p.m. To alleviate this condition when observed, the chlorine 
dosage to the conduit giving off the “smoke” is decreased until 
the condition disppears. 


Maintenance of Chlorination Equipmnet 


Mechanical repair to the chlorinators, or replacement, has been 
normal. Most of the maintenance has been done by the opera- 
tors and the mechanics. Of interest are some unusual occur- 
rences and repairs, or cleaning, necessitated thereby. 

For example, during the summer months, caddis flies, which 
are prevalent in the locality, have added to the difficulties of 





operation. The insects alight in the water of the bell jar tray 
and are drawn into the apparatus plugging the water lines. The 


mortality of bell jars was high in the first two years. Uneven 
pressure exerted on the rim of the jar by the stops being too 
tight caused strain and sudden differences in temperature be. 
tween gas and water contributed to the cracking, but greater 
care and attention to these details has reduced this breakage. 

By changing the header line, to which tanks in a battery are 
connected, it was possible to allow full flexibility in the copper 
connecting tubes. This rearrangement eliminated replacement 
due to tube kinking. 

Accumulation of chlorine “taffy” in the evaporators has re- 
sulted in sudden discharge into the bell jars at times. Some of 
this material is high in ferric chloride and the fact that pipe 
lines have been found to contain ferric chloride indicates a pos- 
sible reverse migration of water. This migration may have oc- 
curred due to back pressure in idle chlorinators. 

It was observed that chlorine solution was backing up into 
idle machines from the discharge lines. This occurred appar- 
ently because of chipping of the glass ball check valves in the 
lines from the individual chlorinators. The corrosive. solution 
caused disintegration of the chlorine needle valve stems, thereby 
requiring more replacement of this item than any other. It has 
therefore, been found expedient to keep idle machines operating 
under a slight vacuum, and frequently to drain all tubes and 
valve chambers to insure removal of the corrosive solution. 

Cleaning of these various items has been by several methods, 
Carbon tetrachloride of acetone has been used to clean bell jars 
of “gum”; steam followed by hot air or acetone has been used 
to clean iron pipe lines carrying liquid chlorine. Pressure re- 
ducing diaphragms have had to be replaced because they devel- 
oped fine pin holes, possibly due to corrosion induced by the 
suspected reverse migration of water. 

In summarizing, it should be pointed out that the details of 
the Buffalo method of dosage control are subjected to slight 
revision as chemical, bacteriological, and operating data con- 
tinue to be obtained, but the fact that the disinfection results’ 
have been most satisfactory indicates that the principles of the 
system are basically sound. 
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KEEPING LIME SOLUTION LINES CLEAN 


To retard building up of incrustation and depoits, which choke 
pipe lines conveying lime suspension, the following has been 


found very helpful at the Richmond, Va., Filter Plant. 


A pro- 


gram clock at 4 hour intervals opens and closes a flushing valve 
connected into the line at the inlet end. The line is thereby auto- 
matically scoured free of the loosely deposited carbonate and 


hydrate 6 times daily. 


If a scale gradually builds up which the Richmond scheme of 
water scour will not remove. chlorine water from a chlorinator 
can be run through for the required period to dissolve or loosen 


the scale. 


Chlorine water applied to lime carbonate reacts to 


produce hypochlorous acid, carbon dioxide and calcium chloride 


as indicated by the reaction. 


Pouring chlorine water slowly through a column of ground 
limestone or marble will demonstrate the reaction and is a well 


known method of preparing hypochlorous acid. 


The solution 


resulting, because of the weakness of the hypochlorous acid pro- 


duced, has a pH of 8.0 to 8.2. 


After the carbonate is all converted, chlorine water will natur- 


ally attack metallic solution lines. 


Lines of rubber hose with 


jointing made by butting hose ends together inside of a short 
sleeve of larger size hose, or a short section of pipe, provides a 


very satisfactory all purpose chemical feed line. 
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CHLORINATION OF SEWAGE 


Of all chemicals used in sewage treatment, chlorine has by far 
the widest application. From simple disinfection to use as an 
adjunct to the most involved treatment process, chlorination has 
for many years been the versatile and valued aid of the man 
concerned with sewage disposal. 


Chlorination is employed to stabilize raw sewage, control 
odors, increase efficiency of filter beds, prevent filter pond- 
ing, improve sedimentation, remove settleable solids, improve 
sludge digestion, prevent bulking, reduce biochemical oxygen 
demand, retard putrefaction in the receiving water course, 
disinfect efuents before discharge and is a necessary adjunct 
to nearly any process of chemical precipitation. 


DISINFECTION 


Regardless of the preliminary process of sewage treatment, 
aa : disinfection of the effluent be- 
fore discharge is regarded as a 
necessity. Protection of water 
supplies, bathing places and 
shellfish propagation beds, re- 
quires’ efficient disinfection. 
' Chlorination offers the one 
' practical and effective means 
| of sewage disinfection. 





ODOR CONTROL 


Control of odors from sewage 
| treatment works, long outfall 
sewers and _ other. disposal 
plant appurtenances is distinct- 
ly a field for chlorination. 
Neutralization of hydrogen sul- 
phide (the gas responsible for 
these obnoxious odors) or pre- 
vention of its formation by con- 
trolled application of chlorine, is 
not only practical but also satis- 
factory in results and economy of 
operation. 





_ > 


Master Visible Vacuum Chlori- 
nator — W&T Visible Vacuum 
Control is now available in equip- 
ments ranging in capacity from 


Panes S ae 


B. O. D. REDUCTION 


In order to preveut production of 
odor nuisance, foul appearance and 
03 to 6000 pounds of chlorine death to fish life in streams receiving 

per 24 hours. the effluents from sewage disposal 

plants, chlorination for B. O. D. re- 

duction has become increasingly popular. Offering a simple, easily con- 

trolled and relatively inexpensive means of supplementing other purification 

processes during periods of low stream flow or for permanent use at a 

plant where the dilution factor is low, chlorination has eliminated the neces- 
sity for extensive additions to the regular treatment works. 


IRON SALTS IN SEWAGE TREATMENT 


_ Lowered cost of chemicals and other contributing factors have greatly 
increased the popularity of iron salts for various uses in sewage treatment, 
odor control, sludge conditioning, chemical precipitation, etc. 

In whatever form this treatment may be adopted, such as the manufacture 
of ferric chloride at plant site, the addition of ferric chloride or of ferric 
sulphate directly, or the use of chlorinated copperas, W&T are prepared to 
furnish the necessary equipment. Complete details on request. 


CHLORINE FLOW RECORDERS 


_ Chlorination records form an important log of plant operation and are 
indisputable evidence | that oe application of chlorine was made. 
Periodic visual inspection will not reveal when equipment may have been 





Five W&T Master Visible Vacuum Chlorinators operating at Bird Island 
_ Sewage Plant, Buffalo, N. Y. ms 





ae] 





Panel Mounted Direct Type Recorder with standard Type W&T Visible 
Vacuum Chlorinator 


temporarily out of service for cylinder change-over, cleaning or any other 
cause. 

The W&T Chlorine Flow Recorders meet the need for continuous auto- 
matic flow recording. These Flow Recorders are of two types: the “Direct 
air transmission type” for continuous recording of chlorine flows, and the 
electrically operated type which provides indicating, recording and total- 
izing. The electric type is particularly suitable for use with a battery of 
chlorinators. 
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Huth-Jank Co. 


4241 RAVENSWOOD AVENUE, CHICAGO 
NEW YORK CHARLOTTE,N.C. 


SEWAGE TREATMENT EQUIPMENT EXCLUSIVELY SINCE 


1893 





P.F.T. SERVES THOSE WHO SERVE THE NATION 


The needs of our country’s war preparation are our first 
concern today. P.F.T. Sewage Treatment Equipment is being 


installed at scores of cantonments, pilot training fields, naval 


P.F.T. FLOATING COVERS 





Hundreds of installations including the World’s largest, have 
proved the efficiency and long service life of these units. 
Available round, square or octagonal in any practical shape 
for single or two-stage sludge digestion. They accelerate 
the digestion process, eliminate odors and safely collect gas 
for heating and power purposes. Detailed in Catalog No. 232. 


P.F.T. FLAME TRAPS AND GAS CONTROL 
EQUIPMENT 
To assure safe handling 
and utilization of digested 
sewage gas P.F.T. builds 
renewable element Flame 
Traps for stopping back- 
firing from boiler to di- 
gester, Adjustable Waste 
Gas Flame Traps to as- 
sure constant line pressure, 
Waste Gas Burners, Gas 
Line Condensate Drip 
Traps, and Pressure Indi- 
cating Gauges that indicate pressures in digester and service 
and waste lines. Detailed in Bulletin 121A. 


P.F.T. ROTARY DISTRIBUTORS 


Provide a_ practical. 
efficient unit for dosing 
sewage to filter me- 
dium, with minimum 
area occupied and 
minimum outlay for 
piping. They operate 
at minimum head, fre- 
quently eliminating 
pumping. P.F.T. units 
feature triple bearings 
—radial and thrust at 
top and bearings on guide rollers at bottom; positive mercury 
seal against normal operating head and patented spreader 
jets that assure full even coverage of filter bed. 


P.F.T. SPRINKLING FILTERS 


Where this widely used method of filter- 
ing effluents is prescribed, P.F.T. has 
available several types of circular spray 
sewage nozzles for application to the 
risers in the bed. All provide ease of in- 
stallation and cleaning, and are designed 
to minimize clogging. Thousands are in 
successful daily operation. Detailed in 
Sprinkling Filter Data Book No. 130. 











shore establishments, ordnance plants, war housing projects 
and other war projects. We are helping, indirectly, to pro- 
vide the best clothed, best housed, best fed, best paid, best 
trained military machine in the World! 





P.F.T. DOSING SIPHONS AND CONTROLS 


Equipment for predetermined dosing of sewage to rotary 
distributors, sprinkling filters, sand contact beds, and under- 
ground tile laterals is built by P.F.T. 


A Twin Tank Dosing 
Siphon for meting out 
effluent to sprinkling 
filter nozzles is shown. 
This arrangement pro- 
vides for inflow to one 
tank while the other 
is distributing. De- 
tailed in Bulletin No. 
130. 





P.F.T. CLARIFIERS 


New and _ revolutionary yet 
destined, we believe, to become 
a firmly established method of 
primary sedimentation, the 
P.F.T. Tray Clarifier is de- 
signed to effect the continuous 
rapid separation of the solids 
and liquids that constitute 
sewage and the immediate re- 
moval of the clarified effluent. A series of trays or floors, 
one above the other, are provided, so that the unit is in 
effect a series of settling stages in a single tank. Bulletin 
No. 210 gives complete details. 





P.F.T. SEWAGE AND 
SLUDGE SAMPLER 


A recently developed device 


that meets the need for conve- 





nient, positive sampling of still 

or flowing liquids, without disturbing the 
liquid bodies or contaminating the sam- 
ples. Cylinder passed through hand hole 
or laid in open tank has inflatable valves 
Hand pump and lowering 
Side 
for easy removal of sample. 
in Bulletin No. 133. 


at each end. 
chain furnished. withdrawal cock 


Described 














ELIMINATION OF GAS HAZARDS AT SEWAGE PLANTS 


By the ENGINEERING DEPARTMENT 
Pacific Flush-Tank Company, Chicago, Illinois 


Part |. General Design Considerations and the Correct Application 
of Protective Devices 


EWAGE sludge gas, until comparatively recently, an unwel- 

come source of odor nuisance, is rapidly becoming the long 
sought “by-product” which will place sewage treatment more 
nearly on a self-supporting basis. But the utilization of sewage 
gas as a source of heat and power may prove very costly unless 
we consider and eliminate the hazards introduced in harnessing 
this previously wasted source of power. 


History 


Sewage sludge gas was collected and used for cooking and 
heating in this country as early as 1915 when C. C. Hommon 
covered the gas vents of the Imhoff tanks of the Peachtree Plant 
at Atlanta, Georgia, but the utilization of sewage gas was not 
considered practical until after the advent of heated separate 
sludge digestion tanks. Since the first heated sludge digestion 
installation in this country at Antigo, Wisconsin (1926), the de- 
velopment of this type of sludge digestion with provision for 
heating and control has made possible a constant supply of sew- 
age gas unaffected by seasonal temperature changes. In present 
practice, the utilization of this by-product of sewage treatment 
is one of the most important economic considerations in the de- 
sign of the modern sewage treatment plant. The safe utilization 
and nuisance free burning of sewage gas must be considered 
regardless of the size of the treatment plant. 


Uses of Sewage Sludge Gas 


Engineers and operators are almost daily finding new uses for 
sewage sludge gas; as at Old Greenwich, Connecticut, where the 
operator uses sewage gas to operate the laboratory refrigerator. 
But the principal uses at the present time are to provide heat 
for the buildings and to maintain the temperature of the digester, 
and to develop power with gas engines. The operation of gas 
engines either to genreate electrical energy, or as prime movers 
directly connected to pumps or air blowers, is accepted practice 
in all of the larger treatment plants, and to an increasing extent 
in moderate to small sized plants also. 

The Coney Island plant at New York City, one of the earlier 
successful installations, is now being extended and will incor- 
porate 10 gas engines developing 6000 H.P. to generate power 
and operate direct connected blowers. A recent survey’ indicates 
that gas engines aggregating over 35,000 H.P. are now in opera- 
tion in the U. S. Quite a number of operators have written 
articles indicating that gas engines have paid for themselves in 
from 3 to 5 years due to the savings in power cost. Probably 
one of the outstanding examples of a profitable gas engine instal- 
lation is at Fort Dodge, Iowa, where the city has an agreement 
with the power company which enables them to buy or sell 
electrical energy to the power company at the same rate. A 275 
H.P. gas engine direct connected to a generator which “floats” 
on the power line feeds back to the power company’s system 





when the plant demand is less than the output of the generator. 
During the fiscal year ending March 31, 1941, the city of Fort 
Dodge received a revenue from the sale of power of $6,620.00. 
In addition, sewage gas supplied all power for the operation of 
the plant, including pumping all sewage, compressing air for 
preaeration, and grease removal, lighting, etc., and the building 
and digester heating requirements. The cities of Des Moines, 
Iowa, and Waterloo, Iowa, have a novel contract arrangement 
whereby they sell to the local gas company all gas in excess 
of that required for normal gas heating uses. This gas is in turn 
mixed with city gas by the utility and sold back to the city con- 
sumers. The city of Des Moines, during the period from Aug. 
1, 1940, to July 31, 1941, received $18,472 from the sale of 
excess gas. Sewage gas is used at quite a number of plants for 
providing auxiliary heat in incinerators burning sewage screen- 
ings and sludge, or for the joint disposal of garbage and sludge. 
These few examples indicate the variety of new methods of 
utilizing the sewage gas, which have introduced new problems 
which must be considered in connection with sewage treatment 
plant design and operation. 

These problems are receiving considerable attention by State 
Health Departments and various sewage works associations and 
insurance underwriters. For example, the joint committee repre- 
senting the New Jersey Sewage Works Association, the Fire 
Underwriters, the New Jersey League of Municipalities and the 
New Jersey State Department of Health, has formulated a set 
of recommended principles for the safe design and operation of 
gas handling equipment at sewage treatment plants.’ 

It is the purpose of this paper to better acquaint designers and 
operators of sewage treatment plants with the hazards involved 
in gas utilization systems and discuss the principles and appli- 
cations of the various safety devices. It is only through the full 
appreciation of the dangers involved and knowledge of means 
for ample protection that the safe utilization of gas may be 
assured. 


Explosion Hazards 


Quite often designers or plant operators will ridicule the dan- 
gers in connection with the handling and utilization of sewage 
gas, saying ... “It has never happened in any plants that I have 
designed or operated,’ or “There are hundreds of plants built 
without a great deal of regard for protective measures that have 
operated without any trouble.” 

But let’s review the record—there have been relatively few 
explosions at sewage plants but the magnitude of those of record 
(and resultant loss of life) indicate that—“It can happen here.” 

We might make reference to many reported explosions in 
sewer systems caused by volatile substances entering the sewer 
and being ignited,.or of loss of life due to toxic or other gases 
in sewers—but the purpose of this discussion is to consider haz- 
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Representative Gas Engine Installations, Coney Island, N. Y. (1936 Worthington) and Durham, N.C. (1935 Cooper-Bessemer) 
Both having demonstrated their value and dependability of service as amongst the earlier installations. 
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ards more directly associated with the treatment process and 
gas collection and utilization. A few examples of serious explo- 
sions attributed to gas generated in the treatment process include: 
Ocean Grove, N. J., April 25, 1915 

This explosion and fire in a digestion (septic) tank occurred 
during the inspection of the treatment plant by a group of mu- 
nicipal officials from another town and cost the lives of two of 
the visitors and severely burned another. 

Causes—Air and gas mixture in tank. 

Careless visitor with match. 

Moral—Eliminate air-gas (explosive) mixtures. 
Do not allow unattended visitors. 

No open flames near gas producing tanks. 
Woonsocket, R. I., October 2, 1931° 
An explosion occurred in partially empty digestion tanks which 
had been entered by two workmen for inspection of a mechanism. 
The violence of the explosion, which cost the lives of the two 
workmen, is evident from the photograph in Fig. 2. 

Cause—Air and gas mixture in tanks, but method of ignition 
unknown. 

Moral—Recently emptied tanks should not be entered unless 
completely purged of gas, nor entered during transfer of 
sludge. Actively digesting sludge should not be transferred 
from one tank to another which contains air. (Displacement 
of liquid is safe method. ) 

Collingswood, N. J., March 5, 1935 

A similar explosion occurred in a digestion tank at Collings- 
wood, caused by air being drawn into the tank when sludge was 
being withdrawn, producing an explosive mixture. 

Moral—Keep a positive gas pressure at all times. With a 
fixed covered tank displace sludge to be withdrawn by new 
liquid added. 

Bristol, L. I., N. Y., February 13, 1946° 

This explosion occurred in a control house at night when no 
one was present. It was the consensus of opinion of investiga- 
tors of the explosion that it was caused by the use of a water 
seal type of pressure relief of home-made design, from which 
the water was blown, thus allowing gas to escape into the build- 
ing. The resultant explosive mixture was assumedly ignited by 
a coal-fired boiler. 

Moral—Eliminate water seal traps. Rely upon specifically 

designed and tried relief and flame trap units. 

Dayton, Ohio ,November 12, 1938° 

By happening at night between visits of the operator on duty, 
a violent explosion of sewage gas at the Dayton, Ohio, sewage 
treatment plant luckily did not injure anyone. The photograph 
shows the violence of such explosions. This one occurred in the 
operating gallery between batteries of Imhoff Tanks. Accumula- 
tions of gas in the gallery were assumedly ignited by gas heaters 
in the buildings at the ends of the gallery. Although the damage 
was so great as to make it impossible to determine the source 
of the escape of gas, it was indicated that water seal type “run- 
ning traps” were most probably responsible. 


Damage to Control Chamber and Imhoff Tanks at Dayton, Ohio, by Explosion 








Moral—Eliminate water seal traps. 
Other examples of explosions would include: 

Marshfield, Wisconsin—where an explosion in a fixed covered 
digester lifted and shattered the entire top slab. The operator 
in an adjacent building was hurled to the side of the building 
and shaken up, but, fortunately, was not seriously injured. 
Burlington, Wisconsin 

All of the windows of the control building housing the gas 
boiler and control equipment were blown out when a liquid seal 
trap lost its water seal. An independent well water supply for 
the plant necessitated the operation of a pump to provide the 
water for the plant. In order to economize, the water to provide 
the water seal on the flame and relief trap was shut off. As a 
result, gas escaped into the control chamber through the de- 
pleted water seal. A coal-fired boiler undoubtedly ignited the 
mixture. This explosion occurred during the night when no at- 
tendant was present. 

Iowa City, Iowa 

Considerable damage was caused to the pump house at this 
plant by a gas explosion probably caused by the failure of the 
thermo-pilot of the gas boiler, allowing unburned gas to escape 
into the building. No one was in the building at the time of the 
explosion. Proper maintenance of boiler controls might have 
prevented this. 

Watertown, Wisconsin 

An explosion in the pump building due to gas accumulations 
from a basement sump, which recéived gassing sludge from the 
digester, resulted in damage to the building but no personal in- 
jury. The possible recurrence was eliminated by covering and 
venting the sludge sump to the outside atmosphere. 


Other Hazards 


Although explosions are quite spectacular and the damage 
easy to see, there also has been loss of life due to toxicity or 
suffocation by gas in chambers. One of the most notable ex- 
amples, and one at which one of the authors was almost an eye 
witness, is: 

Lima, Ohio, May 4, 1932° 

A designing engineer sacrificed his life in attempting to rescue 
a plant operator who was descending a ladder into a control 
chamber adjacent to a digestion tank and was overcome by gas 
which had lodged in the chamber. The designing engineer was 
found to have inhaled even greater quantities of the fatal H:S 
(hydrogen sulphide) gas than had the operator. This because oi 
the fact that he was out of breath from running to the rescue 
when he entered the chamber and was breathing hard and deep. 

(The design of digester control chambers discussed later covers 
means of preventing such tragedies. ) 

The above examples seem to be the best answer to skeptical 
designing engineers and plant operators who might be inclined 
to scoff at the dangers in connection with sewage gas. If a 
disaster should come, it is well for a designing engineer to be 
able to say— 
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“All of the protective measures and 
best design principles known at the time 
the plant was designed and constructed 
were provided.” 

How much better this, than to be criti- 
sized or held responsible for great damage 
or loss of life by having it indicated that 
known protective devices were not employed. 
Persons do not scoff at taking out fire insur- 
ance because they never had a fire, nor life 
insurance because they never died. 





Composition of Gas 


In order to better understand the problems 
involved in the handling of sewage digester 
gas we might briefly consider its composition. 
The constituents of the gas will depend 
somewhat upon the characteristics of the 
sewage solids being digested and the condi- 
tions of digestion. Essentially, it wi!l consist 
.of a mixture of methane and carbon dioxide, 
with traces of hydrogen and nitrogen. In 
some cases, hydrogen sulfide, carbon monox- 
ide, oxygen and traces of other gases wil 
be present. The two main constituents, me- 
thane and carbon dioxide, in most cases 
will make up better than 90 per cent of the 
gas. It might be interesting to note that the 
richness of the gas, that is, the percentage of 
the methane present, is quite dependent upon 
the condition of digestion. In the initial 
operation of any digestion tank, gas will be 
produced which may contain as much as 60 
or 70 per cent carbon dioxide. Carbon diox- 
ide is produced in the first or acid stage of 
digestion and a suitable gas for burning will not be produced until 
the second (alkaline) stage of digestion has proceeded sufficiently 
to increase the methane content of the gas. A normal gas will 
contain from 60 to 75 per cent of methane, and have a heat value 
of from 550 to 800 B.T.U. per cubic foot. 


Nature of Gas Hazards 


Gas hazards might be divided into the following classifications : 
(a) Explosion. 

Mr. L. W. Morrill (2), Secretary of the Gas Hazards Com- 
mittee of the New Jersey Sewage Works Association, aptly de- 
fines the subject as follows: “Any explosion is the result of 4 
factors: the presence of an inflammable gas, oxygen, a proper 
mixture of the two and a source of ignition. Elim‘nate aty one 
of these and there can be no explosion. At the sewage plan‘, 
gas and atmospheric oxygen are, of course, always present, but 
the gas will not burn or explode unless diluted with oxygen 
supplying air. Pecause sources of ignition are so numerous, and 
to a large extent unpredictable, it is accepted practice to con- 
sider them as uncontrollable within limits of absolute safety. For- 
tunately, one can control the formation of explosive mixtures of 
gas and air by the simple expedient of keeping them separated.” 

In a report of tests made by the Underwriters’ Laboratories, 
Inc, it is stated that the flammable range of methane (principal 
constituent of sewage gas) in air is from 5.6 to 13.5 per cent 
by volume and that the flame speed and intensity is a function of 





Outside. 








Digester Control Chamber with Separate Room at Left with Separate Entrance from 


Indian Orchard Plant, Springfield, Mass. 


about 9.6 per cent and at a minimum when the concentration of 
methane is near either of the limits of the range previously 
mentioned. 

(b) Burning 

When the percentage of gas as compared with air is high or 
above the limit mentioned above, a “burning” mixture is en- 
countered. Such a mixture is not as dangerous as an explosive 
mixture since it may be extinguished if encountered. However, 
sewage plant workers have been seriously burned by an instan- 
taneous flame “puff” that couldn’t be termed an explosion. 

It is important from the standpoint of flame trap design to 
take these burning mixtures into consideration as will be dis- 
cussed under the discussion of “Protective Devices.” 

(c) Toxicity 

Of the minor constituents of sewage gas, hydrogen sulphide 
(H.S) is the most important. For the most part it comes from 
the sulphates in the liquid portion of sewages and industrial 
waste. 

This gas is deadly when present in sufficient concentration as 
shown by the following :’ 

Fatal in 30 min. or less... 0.06 to 0.10% (600 to 1,000 p.p.m.) 
Severe illness caused %4 to 


i ere eee 0.05 to 0.07% (500 to 700 p.p.m.) 
No severe effects if ex- 
posed for % to 1 hour.. 0.005 to 0.01% (50 to 100 ppm.) 


Concentrations of hydrogen sulphide higher than 2,000 p.pm. 
(0.2 per cent) cause almost immediate cessation of breathing, 
resulting from total paralysis of the respira- 





tory center. It is well to reflect upon the 
‘act that hydrogen sulphide has about the 
same lethal power as hydrogen cyanide 
(HCN) gas, always considered the most 
deadly of gases. Although in lower concen- 
rafions hydrogen sulphide has a very repul- 
“ive odor which may serve as a warning, at 
‘ethal concentrations the odor is not so pro- 






































nounced and the effect of the gas paralyzes 
he nerve centers so that the odor is not de- 
ected by the victim. 

(d) Suffocation 


Although the other constituents of sewage 
gas such as carbon dioxide (CO.) and me- 
thane (CH,) have not the deadly effect of 
hydrogen sulphide, they tend to decrease 
the oxygen content of the air and cause 
asphyxiation. Man works best and breathes 
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easiest when the air contains about 21 per 
cent of oxygen. Men breathing air that has 
as little as 15 per cent of oxygen usually 








Drip Trap (Manually Operated Type) 


become dizzy, have a rapid heart beat and 
suffer from headache. 
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PRESSURE RELIEF AND 
WASTE GAS FLAME TRAP 






be provided. With such an arrangement an 
operator who becomes partially overcome 
by gas, has a good chance of crawling out 








ee ee Poe ‘ie of the chamber on hands and knees, while 
; “4 the additional exertion of climbing a ladder, 
even if possible, would increase the amount 





of toxic or asphyxiating gas he was breath- 
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ing and lessen the chance of escape. Rescue 
operations are also simplified. Windows 
should also be provided for light and ven- 
tilation. 

It is also well to design those portions 
of chambers which lie below the elevation 
of the ground level entrance so that the 
operator need not enter such portions in 
normal operating routine. Valve stems can 
be extended to the main floor for controll- 
ing any valve in the lower portion. The 
lower portion of such chambers should not 
be entered unless a companion is present 
and remains in the upper portion, or unless 
tests indicate ample safety in entering. Both 
are preferable. 


Forced Draft Ventilation 


All control chambers where gas might 
escape or accumulate should be provided 
with a forced draft fan arranged so that an 
intake is placed at the floor and ceiling of 
owe each floor level. (See cross sections shown 
herewith.) Such fans should have sufficient 
capacity to completely change the air in the 
chamber every 2 or 3 minutes. Fan motor 
should be wired to a switch at the entrance 
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to the chamber, which switch also controls 
the lights so that the operator must put the 
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fan in operation when he turns on the light 
on entering the chamber. Natural draft 
ventilators are not satisfactory due to 
limited capacity and the fact that some of 












Cross Section of Pressure Relief Waste Gas Flame Trap 


Design Considerations 


_ It must be agreed that the preceding discussion of hazards The hose type mask is always the safer because no cannister 
indicates that truly dangerous situations are present when han- mask is protective in the absence of oxygen. 

dling sewage gas and that the design of structures and pro- 
tective devices deserves the utmost consideration by the design- 
ing engineer. The designer must consider the probable inex- With the increasing attention given to the dangers of sewage 
perience of the operator at the start of plant operation and a gas about the treatment plant, some State Health Departments 


disregard, leading to carelessness or neglect 
which may occur later on. He must also 
recognize that appointment of inexperienced 
operators may follow, after the first opera- 
tor, which the designer may have been in 
a position to instruct effectively. 


(a) Digester Control Chambers 


Until recently the control chambers for 
digestion tanks consisted, generally, of a 
small rectangular structure entered from 
the top through a manhole or steel cover. 
Loss of life in such structures such as that 
reported for Lima, Ohio, under “Examples 
of Other Hazards,” has caused engineers 
to give more consideration to the design of 
control chambers, and State Sanitary Engi- 
neers to make recommendations on mini- 
mum requirements for safe design. Some of 
the elements of a proper control chamber 
design include provision for the following: 


Ground Level Entrance and 
Convenient Access 


Control chambers adjacent to digestion 
tanks, or chambers which contain gas carry- 
ing lines and devices, should have convenient 
ground level access. It should not contain 
any manhole steps or ladders but in case 
access is required to another level, standard 
Stairs or “ship type” stairs, at least, should 











the gases, notably carbon dioxide, are heavier 
than air and are not removed from the lower 
portions of chambersexcept by forced draft. 

A suitable gas mask (with canister scaled off) might well be 
kept in the control chamber so that it will be available, if needed. 


Separate Gas Control Building 
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Cross Section of Flame Trap of Proper Design 
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and insurance underwriting boards are recommending the use of 
a separate isolated building, built entirely above ground level, 
to house flame traps, meters, boilers and other gas appurtenances. 
At Green Bay, Wisconsin, the State Board of Fire Underwriters 
required all gas meters, flame traps, gas compressors and con- 
trols to be placed in an isolated chamber accessible only from an 
external ground level entrance. It is possible to accomplish prac- 
tically the same degree of protection, however, by designing a 
separate room, as a part of the control chamber adjacent to the 
digester, to house gas appurtenances. Such a room should have 
an entrance to the outside, independent of the entrance to the 
control chamber, and there should be no direct communication 
between the two chambers. 


Digestion Tanks 


It is well to repeat for emphasis a previously made statement 
that 


“ONE CAN CONTROL THE FORMATION OF EX- 
PLOSION MIXTURES OF GAS AND AIR BY THE 
SIMPLE EXPEDIENT OF KEEPING THEM SEPA- 


RATED.” 

The simplest method of keeping air out of a digestion tank is 
hy keeping the gas within the tank under the classification of a 
watertimes. In normal operation this ccn‘ition is assured in the 
case of floating cover installations, since the unit floa‘s upon the 
liquid in the tank and lowers when the liquid level is lowered 
by removal of sludge or liquor, thereby eliminating any space 
which must be filled up by air or liquid. 

In the operation of fixed covered tanks not connected to a gas 
holder of ample capacity it is necessary to add liquid to the 
tank whenever sludge or liquor is withdrawn so that the liquid 
level in the digester is not lowered to a point where the gas is 
no longer under pressure. (1) (8) (9) 

Pressure and vacuum reliefs on digestion tanks, installed to 
safeguard the structure, are described later. They should te pro- 
vided with flame trap protection, but in any event the structure 
should be designed to be strong enough to resist failure under 
expected vacuum and pressure loads even if the unit fails to come 
into operation. 


Gas Piping 


As related to the prevention of explosions, the following gen- 
eral considerations should enter into the design of gas piping 
systems: 

The gas piping system should be a closed system without any 
portions which are not as strong as the pipe itself. 

Water seals of any type should not be allowed in the gas 
system due to the danger of gas leakage from the system if the 
water evaporates or is blown out. Also, the dangers of freezing 
must be considered. Float type of automatic drip traps come 
under a positive pressure at all seal traps, since the needle valve 
control has been known to be held open by sediment, thus allow- 
ing the water to drain from the unit and allowing gas to leak out. 

Complete protection can be obtained from a manually operated 
type of drip trap as shown in the drawing. With this type of 
trap it is impossible for gas to leak out into the control room 
or building, since the inlet to the trap is automatically closed 
when the drain is opened. 

Manometer gauges should be arranged so that they are vented 
to the outside atmosphere in case of breakage of the manometer 
tubes. 


Explosion Proof Electrical Devices 


Any motors or switches or other electrical devices located in 
gas control chamber should be of an explosion proof type desig- 
nated as suitable for Class I, Group D, Hazardous Locations. 
Tools used about a digester should be of non-sparking nature. 


PROTECTIVE DEVICES 
Flame Traps 


Basically, any flame trap to be effective must serve to posi- 
tively stop the passage of any flame or explosion. The flame 
trap should also be designed with a minimum of restriction to the 
normal flow of gas through the unit. 

The simplest device to prevent the passage of flame is a wire 
gauze screen such as used in connection with the long used 
Davy miners’ lamp. The value of such a flame resisting device 
placed in a gas line is questionable. This is true because the 
possibilities for dissipation of heat are limited and, on being 
subjected to a continued burning mixture, the gauze would 
quickly become hot enough to reignite the gas on the “protected’’ 
side of the gauze thus defeating the whole purpose of the unit. 





A metal gauze of this type would not be strong enough to resist 
the intensity of explosion pressures which might be developed, 
the explosion rupturing the gauze and causing failure of the 
unit. 

Water seal flame traps also have been used with a false sense 
of security. Experiments with water seals in excess of 12 inches 
have resulted in failure to prevent the passage of flame with an 
explosive mixture of gas and air. It was observed that as the 
bubbles of gas passed through the water a series of small ex- 
plosions occurred, successively igniting the bubbles of gas until 
reaching the supply pipe. Whatever safety a water seal type of 
trap may afford is naturally lost if the water seal is not main- 
tained. The water seal type of flame trap presents no protection 
against explosion in the system, since the explosion pressure de- 
veloped would blow out the sealing liquid and pass right through 
the unit. 

A properly designed flame trap must provide flame protection 
against sustained burning within the unit, which may occur with. 
a burnable mixture of gas and air. Likewise, against explosion 
flash-backs with excessive explosion pressure, which may occur 
with an explosive mixture of gas and air. The flame trap ele- 
ment should be of a material to resist the corrosive action of 
sewage gas and should be so arranged to provide a multitude of 
passages small enough to prevent the passage of flame and long 
enough to assure the dissipation of heat caused by the flame 
burning on the surface of the element. It has been found to be 
practically impossible to design a flame trap element which will 
indefinitely withstand the temperature of internal burning on the 
surface of the element. Therefore, to provide positive protec- 
tion against continued burning mixtures it is necessary to pro- 
vide means to automatically shut off the gas supply. A thermal 
element should be located near the burning zone of the flame 
trap to release and positively close off the gas supply. The pas- 
sageways of the element should be vertical and unobstructed, 
assuring proper drainage of moisture, freedom from clogging 
due to impurities in the sewage gas, and passage of gas with a 
minimum of restriction. The flame trap element should be read- 
ily accessible for inspection and servicing. The entire flame trap 
unit should be designed to withstand explosion pressures which 
may be expected and, therefore, should be designed to be as 
strong as the piping system, which will normally withstand 
pressures up to 125 lbs per square inch. 


Pressure Relief Units 


The normal gas system should provide means to allow gas 
produced in excess of the rate of use to go automatically to 
waste. To maintain close control of the operating pressures 
within the gas system, the pressure relief should be of the 
diaphragm actuated type, providing for adjustment of relief 
pressure by adding or removing weights from the top of the 
diaphragm. The diaphragm housing chamber should be provided 
with a vent to outside atmosphere to preclude any possibility 
of gas escaping into the building in the event of a diaphragm 
failure. This pressure relief unit is generally found in a com- 
bination unit incorporating the flame trap, which provides pro- 
tection against entrance of flame from the waste gas burner. 

Each digestion tank should be provided with means for auto- 
matic release of gas at the digester. In case of a stoppage in 
the gas line, due to settlement and collection of moisture or 
other causes, proper pressure relief valve with suitable flame 
trap protection should be provided to allow the gas to escape 
without danger to the digester. The flame trap element for 
pressure relief, to allow gas to escape to atmosphere, may be 
designed to dissipate heat by providing a sufficient exposed and 
unrestricted surface of the flame trap element. In addition to 
the pressure relief on the digester, provision should be made 
for the relief of possible vacuum within the digester. Thus 
will be prevented structural failure in the event material is 
drawn out of the digestion tank to an extent which lowers the 
liquid below the safe operating level. Positive flame trap pro- 
tection must also be provided, to assure that no flame may enter 
the digester when the unit is acting to relieve vacuum by allow- 
ing air to enter the tank. 


Explosion Reliefs 


Explosion reliefs have no place in the sewage gas utilization 
system. Any explosion relief must be so placed that it will 
release gas to outside atmosphere and, therefore, must in most 
cases be located at some distance from the source of the ex- 
plosion. It is questionable that the operation of any relief so 
located would be effective. This statement is made because the 
speed of the explosion would undoubtedly carry the explosion 
pressures through the system before the relief valve could func- 
tion. The source of explosion hazard can and should be elimi- 














d by the proper location of adequate flame trap protective 


nate 
devices. 


Gas Meters, Boilers 


Gas meters should always be placed on the protected side of 
flame traps and should be designed to withstand the same pres- 


sures as other portions of the gas system. Gas fired boilers should 
be provided with adequate thermo-pilot controlled snap action 
shut-off valve and high temperature shut-off, both operating to 
control the main gas supply. 


Location of Protective Devices 


Properly designed flame traps should be provided as close as 
practical to each point of flame hazard. The closer the flame 
trap to the source of flame, the more effective it will be in 
limiting the intensity of the explosion. Tests, conducted by the 
Underwriters’ Laboratories on flame traps for use with sewage 
gas, have indicated that the intensity of the explosion pressure 
increased as the size and length of the pipe between the source 
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of flame and the flame trap increased. To limit the intensity 
of the explosion pressures, flame traps should be located within 
25 feet of the source of flame. By isolating and providing 
adequate flame protection for each source of flame hazard, the 
gas system can be made safe. Protection must be provided for 
all units burning with open flame such as hoilers, waste gas 
burners, pilots, incinerators, etc. And internal combustion gas 
engines present a real hazard because of back firing. Any open 
end pipe such as a waste pipe from pressure relief, even though 
burning is not contemplated, should be provided with flame pro- 
tection. 


_The operator at Lincoln, Nebraska, had an interesting expe- 
rience in connection with the pressure relief valve on one of 
his digestion tanks. Lightning struck and ignited the gas being 
released through one of the pressure reliefs on one of the 
digesters. The gas burned on the surface of the flame trap 
element until the operator extinguished the flame. The flame 
trap element on this unit was adequate and prevented what other- 
wise might have proved serious consequences. 





Part 2—Piping, Storage 
Design of the Gas System 


G AS pressures available to operate sewage gas systems are 
¥ quite limited. Quite often the maximum pressures available 
at the digester will be limited to 5 in. or 6 in. of water column. 
With 2 in. or 3 in. required to operate a gas fired boiler it is im- 
perative that losses in flame traps, gas meters and other control 
devices, as well as the gas piping, be kept to a minimum. 

(a) Layout 

The piping should be carefully arranged to eliminate all un- 
necessary bends and fittings and should be as simple and as com- 
pact as possible. The layout should allow all elements of the 
system to be accessible for inspection and servicing. All pipes 
should have ample slope to drain all moisture condensed from 
the gas to low points, where manually operated drip traps should 
be provided to allow the removal of this condensate. Provision 
should be made for observing and keeping a check on gas 
pressures at critical points in the system. Thereby, the operator 
may easily determine the location and correct the cause of exces- 
sive pressure losses in the system. 

(b) Pressure losses—Size of piping 

Actual pressure losses, checked at plants which have been in 
service for some time, indicate considerable variance from pressure 
loss values computed by applying theoretical formulae. Losses 
have often been observed in excess of double the computed the- 
oretical losses. It is quite probable that the sewage gas super- 
saturated with moisture and carrying particles of sludge and 
carbon in suspension, will form deposits in the gas lines. It has 
been noted from the operation records of various plants that dur- 
ing the starting up period the gas production may be 2 or 3 times 
the average expected production. The system must be designed 
to handle this condition which may last for quite an extended 
period of time. By providing for these peaks of gas production, 
while also taking into account the discrepancies between theoreti- 
cal and observed values in losses, ample sized gas piping may be 
provided. 

Where digester pressures cf 5 in. to 6 in. are available, it is 
desirable to limit the losses between the digester and the point 
of use to about 1% inches at the maximum gas flow. This will 
allow about 4 inch pressure differential for operation of the 
pressure relief to allow excess gas to pass to the waste-burner. 
The 1% inch loss must include losses in gas lines, meters, flame 
traps, etc. It is desirable to provide the gas meters large enough 
to pass the maximum flow of gas with a pressure loss not to 
exceed 4 inch. The loss through the flame trap might also be 
limited to %4 inch. In most simple systems, the loss in the gas 
piping will be the only additional factor to be considered. This 
piping should be of ample size so that the loss in the piping system 
will not exceed % inch. 

In gas systems where special equipment is required, such as 
gas scrubbers for hydrogen sulphide removal, excessive losses 
may require pressures in excess of that available at the digester. 
Fan type boosters can be placed in the system which will eco- 
nomically provide for any increase in pressure required. If this 
type booster is used it should be preceded by a pressure regulator 
to prevent the booster drawing a vacuum in the supply line, and 
bringing in air from the vacuum relief at the gas collector, when 
the rate of gas production is less than the capacity of the booster. 
The booster should also be provided with a mercoid shut-off 
switch to stop the booster when the pressure in the supply line 
drops to about 1 inch water column. 


and System Operation 


Storage of Gas 


With the rapid increase in the number of uses for sludge gas, 
emphasis is now being placed on a more complete utilization of 
a'l gas produced. It may sometimes be found economically feas- 
ible to provide gas storage to secure a more complete use of 
this gas, but it must not be overlooked that the collection and 
storage of a large volume of inflammable and potentially explo- 
sive gas will add to the hazards in the gas utilization system. 
With a large volume of gas constantly available it is imperative 
that all pretective and automatic shut-off devices and other con- 
trols are at all times functioning properly, also the possibility 
of securing an explosive mixture in a gas holder makes the 
selection of the proper type storage unit and controls very 
important. 


(a) Types of Gas Storage Holders 

There are two main types of gas storage holders now in suc- 
cessful use in connection with the storage of gas at sewage treat- 
ment plants—the gravity storage holder and the pressure storage 
holder. The gravity type unit usually consists of a full volume 
lift in liquid seal tank. The installation at Greensboro, N. C., is 
of this type. There are, however, several successful installations 
of the piston type of gravity holder, this unit consisting of a 
movable piston in a steel holder tank provided with a mechanical 
sealing joint between the piston and the tank shell. This type 
of unit is generally used for storing very large volumes of gas. 

The gravity type holder, whether of the piston or full volume 
lift, has the advantage of producing a uniform pressure over the 
entire range of effective capacity, but this pressure is dependent 
upon the weight of the moving element and in most cases is 
limited to a maximum of from 5 inches to 9 inches of water 
column. Pressure type holders operating at pressures up to 
about 50 pounds per square inch, provide the effective capacity 
by compressing the gas to % to % its normal volume, and con- 
sequently for the same effective storage will take considerably 
less space. The pressure type unit will generally be more eco- 
nomical except in the smaller sizes, where the cost of the auxil- 
iaries, which include compressors, automatic controls, pressure 
reducing and regulating valves, etc., offset the saving due to 
reduced size of the holder. Pressure storage will increase some- 
what the complexity of controls, but they do provide practically 
an unlimited pressure which may be desirable in some cases, par- 
ticularly in connection with utilizing of the gas in an incinera- 
tor where it may be desirable to operate mixing burners at pres- 
sures of from 2 to 10 pounds per square inch. Pressure holders 
are available either in cylindrical or spherical shaped units. The 
cylindrical or “bullet” holders are generally most economical for 
capacities up to about 15,000 cubic feet and for larger units the 
spherical holders will be found more economical. 
(b) Storage Requirements 

Regardless of the type of storage, controls may be provided so 
that only the gas which is produced in excess of the rate at 
which it is being consumed need be stored. By operating in this 
manner, the cost of compressing the gas for pressure storage 
will not be a major consideration. Automatic controls will allow 
excess gas to go to storage during periods when the production 
exceeds the consumption and to automatically bleed gas into 
the system when the consumption exceeds the production. By 
effectively scheduling the additions of solids to the digesters 
and maintenance of the proper digester temperature a fairly 
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uniform rate of gas production may be maintained so that where 
a normal steady use is contemplated, little or no gas storage may 
be necessary. For example, if gas is to be used solely for heat- 
ing purposes by consumption in a gas fired boiler, the boiler will 
provide sufficient flexibility to burn all of the gas at the varia- 
tions in rate of production which may be expected. 

Where gas engines are provided, or where other uses are con- 
templated, the relationship of gas consumption to the expected 
production constitutes the critical factor in determining the quan- 
tity of gas storage necessary. If gas engine capacity is provided 
te consume the entire day’s expected production in 8 hours, to 
eliminate peak power demand charges, it will be necessary to pro- 
vide more storage than for an engine approximately one-third of 
the size which will be designed to operate continuously. The 
Tallman’s Island plant of New York City with essentially no gas 
storage operates some 3,580 connected horse power of gas en- 
gines to drive blowers and pumps, providing all but a small frac- 
tion of the total power required to operate the complete activated 
sludge plant, including pumping of all sewage.* A study of the 
requirements for utilizing the sewage gas at the Westerly Plant 
at Cleveland, Ohio, for operation of an incinerator, indicated that 
90 per cent of the annual gas production could be utilized by pro- 
viding gas storage capacity equivalent to about 8 hours average 
production. On the other hand, for 100 per cent utilization a gas 
storage capacity equivalent to about 48 hours average production 
would be necessary. It was deemed economically feasible to pro- 
vide only storage equivalent to 8 hours normal production, which 
would allow for the utilization of 90 per cent of the annual pro- 
duction. From these examples it may be seen that each. plant 
design presents a separate problem and the amount of storage 
will be an economic study to:be considered in the light of the in- 
dividual conditions. 

The most hazardous condition resulting from the use of gas 
holders develops when the Holder is first put into service. As 
previorsly indicated. sewage as presents an explosive hazard 
only when mixed with air. All gas holders should be completely 
purged before placing in operation by replacing the air with an 
inert gas such as carbon dioxide or nitrogen before adding sew- 
age gas. This will eliminate the hazards of the explosive air and 
gas mixture. 


Operation 
It is impossible to design any system for the utilization of 


*It must be said, however. that the Tallmoin’s Island plont is 
not without the eauivalent of a sterars tank. This, inasmuch as 
the plant system is inter-connected with the system of the local 
gas company, which automatically comes into use if and when 
required. 


Spherical Pressure Type Gas Hold er—Southerly Plant, Cleveland, Ohio 








( Consequently, it 
is important that the operator realize the hazards which may be 


s:udge gas which will be completely foolproof. 


present and exercise ample care in operation. The operator must 
have a full knowledge of each device in the system and its func- 
tion and relationship to the operation of all other units. A large 
scale diagram of the entire gas utilization system showing each 
device such as flame trap, drip trap, boiler controls, etc., together 
with pertinent notes indicating the function and the required at- 
tention for each device, will help the operator to become ac- 
quainted with the problems involved in his particular plant. A 
diagram of this type, similar to that here shown, if posted in a 
conspicuous and convenient place, will be a constant reminder to 
the operator of the importance of the proper function of each unit 
for safe operation. Operating and maintenance instructions for 
each device may well be posted adjacent to each individual piece 
of equipment. 

One of the most troublesome problems in the operation of a 
gas system is the removal of moisture condensate which collects 
in the gas lines. Drip traps are provided to allow the removal 
of this water at all low points in the system, but excessive mois- 
ture will sometimes collect in gas meters and other units. Pro- 
vision should be made at critical points on the system for check- 
ing the gas pressures. By periodically checking the gas pressures 
at these critical points, the operator can readily determine the 
losses through the various units and note at a glance whether 
there is any restriction to the flow of gas. An excessive pressure 
loss through the gas meter or flame trap will indicate trouble at 
this point and the unit should be completely checked. The collec- 
tion of moisture or possible clogging with some of the impurities 
from the gas will generally be the cause of excessive losses. All 
protective devices should be periodically checked to assure their 
proper operation. Flame trap elements should be inspected to be 
certain that they are nct becoming clogged or corroded. The valve 
shut-offs on flame traps, the high temnerature thermal shut-off 
and the thermo-pilot shut-off on the boiler, the low-pressure cut- 
offs and pressure reliefs, shou!d be periodically operated to make 
sure that they are in operable conditicn. 

With a properly designed system the operator’s work may be 
simplified, but no matter how careful the designer may be, there 
is always a hazard present in any sewage gas utilization system 
and only by intelligent operation and proper care and maintenance 
can any gas utilization system be safely operated. 


Summary 


To summarize the subject of the design of gas utilization sys- 
tems and the elimination of gas hazards, the following points 
should be borne in mind by the designing engineer and the plant 
operator : 
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(1) Gas systems should be kept under positive pressure at all 
times to eliminate air and gas mixtures entering the digestion 
tank, gas storage holder or gas piping system. 

(2) Sources of ignition should be eliminated insofar as pos- 
sible: 

(a) Explosion proof motors and switches should be used in all 
buildings and control chambers where gas-air mixtures may 
be present. 

(b) Open flames of no type should be allowed in the vicinity 
of tanks producing or storing gas. Warning signs such as 
“Danger—Explosive Gas,” “No Smoking,” should be con- 
spicuously posted. 

(c) Tools used in the vicinity of digestion tanks or gas stor- 
age tanks should be of a non-sparking nature. 

(3) Unattended visitors should not be allowed around sewage 
treatment plants, especially in the vicinity of units producing or 
storing gas. 

(4) Tanks recently emptied or being emptied should not be en- 
tered unless completely purged of gas and properly ventilated 
while an operator is working in the tank. 

(5) Water seal traps or other water seal devices should not 
be allowed in a gas system. 

(6) Flame traps of tried and proven design should be used 
rather than “home-made” devices. 

(7) Flame traps should be placed adjacent to points of burn- 
ing of gas, it being desirable to use an individual flame trap at 
each major point of gas use. 

(8) All control chambers containing gas lines or appyrtenances 
should be ventilated by means of a forced draft fan. 

(9) All control chambers should be provided with ground level 
entrances. 

(a) Portions of chambers not accessible by ground level en- 
trance should be provided with convenient type stairway 
and designed so as not to require entrance of the operator 
during normal operation. 

(b) Valve stems for valves located in inaccessible chambers 
should be extended to secticn of chamber which is easily 
accessible. 

Where operators find it necessary to enter inaccessible 
chambers for purpose of making repairs, etc., or find it 
necessary to enter dewatered digestion tanks, this should 
not be done unless another operator is on the outside and 
has access to a gas mask and other rescue means. 

(d) Gas fired boilers should not be located in inaccessible cham- 

bers and proper stack ventilation should be provided. 
(10) Safety equipment, consisting of gas mask and fire ex- 


- 






tinguisher, should be provided adjacent to points of danger, 

(a) It is also desirable to provide suitable instruments for de- 

tecting explosive and toxic gases in control chambers. 

(b) A telephone should be provided at each treatment plant for 

use in summoning aid in case of fire, explosion, etc. 

(11) Gas appurtenances should be housed in a room separated 
from other portions of a control chamber or building. This room 
should be ventilated with its own ventilation system and have a 
separate entrance from the outside. 
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Figure No. 440 
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Figure No. 58C 


COMPTON 
NEW YORK, N. Y. 


THE VAPOR RECOVERY SYSTEMS CoO. 


The Pace Setter since 1928 


4” 6 ” 
200 260 
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with telescopic Flame Arresting element 
for easy inspection and maintenance. Pure 
aluminum. Non-corrosive. Listed by the 
Underwriters’ Laboratories for Vent Lines 


in oil tanks. Sizes 2” to 


Sizes 


10”. 


K ig 4” 


OR Wh. ss vicusaeee 70 105 160 


“VAREC” Approved WASTE GAS 
BURNERS 


Installed wherever disposal of surplus gas is 
problem. Unit has adjustable air intake in the venturi 
tube, pilot valve adjustable from outside. Long, Heavy 
cast iron draft stack insures proper draft and complete 


combustion. 
Sizes 
i See ee Meme 





Figure No. 387 


“VAREC” Approved 

SENSITIVE PRES.- 

SURE (REDUCING) 
REGULATOR 
SINGLE PORT 


Maintains upstream or 
downstream pressure to 
within 0.5” of water of pre- 
determined pressure. Posi- 
tive Shutoff. Aluminum 
body. Throttling type in- 
ner valve. 18-8 stainless 
steel trim. Sizes 2” to 6 
sites. 2° Oat”, of aP 
Sh. wt. 100 115 140 175 


<—THE NEW 
“VAREC” 
PRESSURE RELIEF 
AND FLAME TRAP 
ASSEMBLY 
Unit consists of Dia- 
phragm-operated Regulator, 
Flame Trap, and Thermal 
Shutoff Valve. 
a predetermined back pres- 
sure, passing surplus gas to 
Burner. Stops flame propa- 
gation. Patented telescopic 
flame trap element simpli- 
fies inspection and mainte- 
nance. Listed by the Under- 
Laboratories for 
7 vent lines in oil tanks. 


“VAREC” Approved PRESSURE 
RELIEF AND VACUUM 
BREAKER VALVE WITH 

<— FLAME ARRESTER 
Installed on digesters and 

domes, it affords emergency Pressure and 

Vacuum Relief and prevents flame entrance 

from atmospheric disturbances. Equipped 


6” 
225 


>. 


gee 





TULSA, OKLA. 
Agencies Everywhere 


Approved 


Maintains 





Figure No. 450 


“VAREC” Approved 
FLAME TRAP 
ASSEMBLY 
Fiame Trap and Thermal Shut- 
off Valve. Unit self-contained, 
simple, foolproof. Installed in all 
gas lines supplying gas utilization 


equipment. No expensive fitting-up 


nance, 


Element 


gas_ holder cnn. 


Sizes 





Ya eg 
450 480 





Figure No. 211A 


“VAREC” Approved 
BACK PRESSURE 
(REDUCING) 
CHECK VALVE 


Installed in relatively 
low pressure gas lines. 
Prevents back-flow through 
meters. Non-chattering, 
non-pulsating, non-corro- 
sive, non-sparking. 


2” 3” 4” 6” 
20 35 70 125 
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Figure No. 187 


“VAREC” Approved 
SUPER SENSITIVE 
PRESSURE (REDUC.- 
ING) REGULATOR 
DOUBLE PORT 


Maintains upstream or 
downstream pressure’ to 
within 0.2” of water of pre- 
determined pressure. Stand- 
ard working parts 18-8 
stainless steel with syn- 
thetic rubber diaphragm. 
Non-corrosive. Sizes \%” 
oe au" =” 4” 


6” 
190 200 233 260 350 


SR. Whsss 


necessary. Arrests flame propaga- 
tion. Easy inspection and mainte- 
Aluminum and _ stainless 
steel. Non-corrosive. Flame Trap 
listed by Underwriters’ 
Laboratories for vent lines in oil 


2" 2 iA” Eg 4” 6” 
90 100 115 150 200 





Figure No. 220A 


“VAREC” A pproved 
MANHOLE COVERS 


Installed on digester and gas 
holder domes, affords quick and 
easy access. Has square, graphite- 
impregnated, fire proof gasket. 
Nonsparking. Gastight. 

” :. 

4 ee Sizes 
500 No. 236 Sh. wt. 


1 on 20” 


Cheat Gabe 100 110 





Figure Nos. 48 and 42A 


“VAREC” Approved 
SAMPLING 
HATCH COVERS. 


For use on _ digester 
domes. Available in sev- 
eral combinations of ma- 
terials. Non-corrosive, gas- 
tight, self-closing, spark- 
proof. Figure 42A Flanged 
and Figure 48 Screwed. 


4” 6" 9” 10” 


12 17 23 27 


CALIFORNIA 
HOUSTON, TEX. 








Figure No. 51A 


“VAREC” 

A pproved 
FLAME CHECK 
Acid resisting. Union 
type fitting. Positive 
flame stop for small 
lines. Has five 40-mesh 
fire screens. Easy in- 
spection and maintenance. 


Sizes 4" ¥%,” 1” 
Sh: wt:.:... 10 Ww 





Figure No. 216A 


“VAREC” 
A pproved 
MANOMETERS 


Single or Triple tube. 
Open or push - button 
control types. Accurate. 
Aluminum housing. 
Bronze fittings. Pyrex 


glass. Automatic—Fire- 
proof—Safe. Sizes 6” to 
36”. 

Sizes i ee 
or. Wis as 16 BB 





Figure No. 232D 


“VAREC” Approved 
SEDIMENT TRAP 
AND CONDENSATE 
DRIP TRAP 
ASSEMBLY 


Cast iron construc- 
tion. 18-8 stainless steel 
working parts. Hand 
operated or automatic. 
Sizes 2”-214”-3”-4”, 





SEND FOR THE NEW ‘‘VAREC’’ 


SEWAGE CATALOG 8-3 NOW 










































































































OPERATING ENGINES ON SEWAGE SLUDGE GAS* 





Some Comments on Their Care and Operation 
By THOMAS BROWN and GEORGE PRESTON 


METHODS of sewage treatment, in which sludge is digested, 
made possible the production and connection of power pro- 
ducing gas’ from digesting sludge. In the earlier period of di- 
gestion of sewage sludge, the gas generated in the process was 
considered of no value, and it was burned to waste to prevent 
obnoxious odors. Then economy demands directed engineers to 
utilize the sludge gas in heating the sludge in the digestion tanks 
so as to maintain the required uniform digestion temperature, 
thereby improving the process of sludge digestion and the quality 
of digested sludge. In the past few years sludge gas has been 
put to use also in the generation of power by passing it from 
the digestion tanks through gas engines—these gas engines 
driving electric generators or air blowers or raw sewage pumps. 
To effect further utilization of the heat contained in the sludge 
gas, the jacket cooling water of the gas engines is passed through 
heat evchangers which heat the water circulated through the 
heating coils of the digestion tanks and building spaces. Addi- 
tional heat is being recovered from the sludge gas by passing 
the engine exhaust through waste gas boilers to add additional 
thermal units to the hot water in the heat exchanger. 


The Power in Sewage Sludge Gas 


Gas from digesting sewage sludge is an excellent fuel for gas 
engines. It has an average heat value of 600 British thermal 
units per cubic foot, and values up to 650 or more units are ob- 
tained. Its composition is given in general as 64 per cent methane, 
3 per cent carbon dioxide, 5 per cent nitrogen, a trace of hydro- 
gen sulphide, and 1 per cent other gases .The gas is produced in 
a fairly uniform volume at all times in the normal operation of 
a sewage treatment plant; and possible peak flows or excess quan- 
tities may be stored in gas holders. 

Generally a municipal sewage treatment plant of proper design 
can produce one cubic foot of gas per person in 24 hours; but 
an average conservative figure is three-fifths of a cubic foot. 
Supposing a sewage treatment plant serves a city of 100,000 peo- 
ple, and the average value of the sludge gas generated is 600 
British thermal units per cubic foot, and assuming that three- 
fifths of a cubic foot of gas is generated per person per day, 
then the brake horsepower developed is: (100,000 x 3/5 x 600) 
(24 X 10,000) or 150 horsepower. If one cubic foot of gas is 
generated per person per day, the horsepower generated would 
be 250 for a population of 100,000. If garbage is ground into 
the sewage, the gas production might be doubled, giving a 
power production of 500 horsepower per 100,000 population, or 
5 per 1,000. 


Scrubbing Sludge Gas 


If the sludge gas contains an excessive quantity of H.S or 
hydrogen sulphide, the pistons and cylinder walls of the engine 
are likely to be harmed; for the products of combustion, namely, 
the water and sulphur dioxide (SO.), unite to form the very 
corrosive sulphurous acid (H.2SOs;); but any amounts of volatile 
sulphide are just as objectionable in the engine fuel as is hydro- 
gen sulphide. 

If the content of sulphide in sludge gas should exceed 0.07 per 
cent by volume, or about 50 grains in 100 cubic feet of gas, a 
gas scrubber should be placed ahead of the gas engine. The 
sulphur in the state of hydrogen sulphide is removed in the 
scrubber by passing the sludge gas through a bed of finely divided 
iron oxide held in wood shavings. The iron oxide reacts with 
the hydrogen sulphide to form water and sulphide of iron in 
accordance with the equation Fe.O; + 3H.S = Fe.S;-+ 3H:0. 
The wood shavings serve only as a sponge for the iron, keeping 
open the mass of iron oxide, so the gas can pass through the 
scrubber with a minimum of resistance. In order to promote the 
chemical action between hydrogen sulphide and iron oxide, the 
temperature of the gas scrubber should be kept above 60 degrees 
Fahr. Artificial heat may have to be supplied. 

The gas scrubber may be built readily by the operating staff 
of the sewage treatment plant. If 160,000 cubic feet of gas is to 
be scrubbed per day, containing about 100 grains of hydrogen 
sulphide in 100 cubic feet of gas, the scrubber should be figured 





*This article, from The International Engineer of May, 1941, so 
well tells the story of power generation from sludge digestion gas, 
that we have asked permission to reproduce it.—Ed. 


on the following basis: Enough iron sponge should be provided 
to last about 60 days. There is about 20 pounds of ferric iron 
in one cubic foot of sponge. Theoretically, 20 pounds or one 
cubic foot of ferric iron sponge will react with 127,000 grains 
of hydrogen sulphide. In actual operation, this reaction capacity 
will be cut to about one-third, or to 40,000 grains of hydrogen 
sulphide. Figuring 100 grains of hydrogen sulphide in 100 cubic 
feet of gas, and 160,000 cubic feet of gas per day, the total 
hydrogen sulphide to be removed in 60 days is 9,600,000 grains, 
Therefore the amount of iron sponge required is 240 cubic feet. 
The gas scrubber tanks should be large enough to hold this 
amount of iron sponge, and in addition there should be at least 
three inches of space at the bottom of the scrubber, underneath 
a tray, this space aiding in better distribution of the incoming 
gas to the sponge bed. The scrubber should be coated inside with 
a bituminous paint. 

The iron sponge can be used over again after regeneration. 
When it has become exhausted or sulphided in the 60-day period, 
it is exposed carefully to the air so as to allow the iron sulphide 
to absorb oxygen, enabling the iron to revert back to its original 
ferric oxide state according to the equation 2Fe.S; +- 30,.— 
2Fe.0; + 6S. There is so much heat generated in this reaction 
that there is danger of the iron sponge starting to burn and be 
destroyed. The rate of heat generation can be controlled by 
wetting the exhausted iron sponge thoroughly with water, taking 
it then from the scrubber tank and piling it in the open air. 
After the sponge has charged from blacw to brown in color, it 
can be placed back in the scrubber; it should be placed uniformly 
and tamped lightly as it is placed to fill all space even!y. The 
iron sponge can be regenerated two or three times in this manner, 
before it has to be discarded finally. 


Engines for Sludge Gas 


Gas engines for running on sludge gas are built generally in 
sizes from 15 to 1,800 horsepower. They are connected direct 
to electric generators, or to air blowers, or to sewage pumps by 
way of gearing, or to other mechanical equipment. They are 
used full or part time, all or part of the installation, as gas be- 
comes available. For running a gas engine full load and full time 
in spite of insufficient sludge gas supply, city gas can be made 
available for standby. 


The heavy duty slow speed gas engine is preferred to other 
gas engines. It can run for several years continuously with low 
cost of maintenance and repairs. In the smaller size of gas en- 
gine the valve-in-head type is preferred. By installing a car- 
buretor, gasoline may be used as fuel instead of gas. The gas 
engine can be expected to have a normal life of 20 years. Re- 
pairs will run about $2.00 per year per brake horsepower. The 
gas engine is required to run almost continually, for if it is shut 
down, generally considerable electric power must be purchased 
and a high kilovolt-ampere demand results. 


The sludge gas enters the engine by way of a gas mixing 
valve in which the gas is mixed with atmospheric air in proper 
proportion. The valve has a function which is simi!ar to that of 
the carburetor used in gasoline engines, and it contains an air 
valve and a gas valve, each regulated separately; due to this 
arrangement the fuel mixture can be changed to suit the chang- 
ing British thermal unit content of the gas. Just ahead of the 
gas mixing valve, the gas pressure is reduced to atmospheric 
pressure by use of a suitable pressure regulator. By installing a 
gas reservoir between the pressure regulator and the mixing 
valve, the operator can maintain a constant supply of gas at the 
atmospheric pressure; and this reservoir should be at least 30 
cubic inches in size per horsepower of engine rating. 

Generally speaking, at full load the fuel consumption of the 
gas engine does not exceed 10,000 British thermal units per 
brake horsepower-hour, which equals 15,000 British thermal 
units per kilowatt hour. If the sludge gas has a low heat value 
of 575 British thermal units per cubic foot, a kilowatt-hour 
generated requires 26.1 cubic feet of gas at full load, 27.5 at 5/6th 
load, 29.3 at 24rd load, and 32.7 at % load. 


Installations of Gas Engines 


Hundreds of installations of gas engines running on sewage 
sludge gas have been made during the last few years, including 
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500 horsepower at Tallmans Island plant, New York 
mag oe at the Coney Island plant, New York City; 835 at 
ity; Til; 360 at Detroit, Mich.; 300 at Cedar Rapids, Iowa. 


Peoria, ; t, M 

ded list of engine installations. The largest will be 
ey York’s Jamaica plant, with 3 engines of 1,440 H.P. 
each—i. e., 4,320 total H.P.—Ed.] 


Gas and Air System.—The fuel gas system of the engine 
consists as a rule of a gas holder or reservoir (which may be a 
floating cover on the digester tank), a gas meter, a pressure 
regulator, a mixing valve, and a governor. The governor needs 
careful attention; its rotating parts must be kept lubricated 
properly—when the lubricating oil is discharged back to the 
crank case, attention must be given that the blowby gases are 
not depositing water in the governor. Keep all flat wearing sur- 
faces of the governor free of depressions so that it continues to 
respond smoothly and rapidly. Inspect the governor every time 
the piston is removed. 

Draw all intake air through adequate filters; for dust drawn 
into the engine with the air acce‘erates the wear of moving parts. 
All intake air lines should be large which prevents high losses 
in pressure when the engine is running at full load. The mixiing 
valves need adjustment and lubrication occasionally. Water 
should be kept out of the gas piping. 


Air Starting and Safety Devices 


The air starting system of the gas engine includes air com- 
pressor, air reservoir tanks, and air piping. The air compressor 
should be inspected occasionally and repaired if necessary. See 
that the condensate drains properly from the air starting tanks 
and piping. Check blow-off cocks, and float-operated condensate 
separators on the tanks, periodically to be sure they remove water 
from the air storage tanks and air lines, and prevent the fouling 
of spark plugs due to injection of water into the engine cylinder. 

The ignition system consists of magnetos, or battery-operated 
spark coils, timed distributors, high tension distribution wiring 
and spark plugs. Keep the voltage generated at a minimum to 
keep the magneto or spark coil in best operating condition; do 
this by keeping the spark gaps at or near the minimum for 
production of a good spark. Change or clean spark plugs and 
re-adjust the gap when the gap increases from the normal 
0.025-inch setting to about 0.050 inch. The double electrode plugs 
are well suited to the gas engine. Spark plug gap adjustment may 
be required once a month. Clean magneto and distributors once 
each year and adjust or replace electrodes as needed. Check 
timing settings against the flywheel markings every time the 
timing mechanism is dismantled. Inspect high tension wiring for 
cracks and take precautions against possible cross firing where 
wires are adjacent to each other. 

The engine protective devices generally are instruments actu- 
ated by pressure, temperature or mechanical movements, thereby 
operating electrical switches or relays. These relays and switches 
ground the magnetos and close the fuel gas valve, so that the 
engine is shut down. If the gas engine drives an electric gen- 
erator, there is also a generator breaker which is tripped and 
the electrical system cleared for normal operation. 

Pressure gauges, tachometers, pyrometers and other indicating 
devices should be kept in good operating condition. All delicate 
indicating devices and safety devices, and all gauges should be 
kept mounted on panels which are isolated from the engine so 
they will not wear due to vibration. The safety devices and 
gauges should be inspected and checked quite often to make sure 
they operate properly. Check the protective devices which shut 
the engine down when the temperature becomes excessive or 
when the pressure of cooling water or lubricating oil should drop 
below normal. Also check the overspeed protection device. 


Maintenance Schedule 


Following a routine maintenance schedule will insure the 
operation of the gas engine with a minimum of shutdowns. De- 
tails of maintenance on the gas engine are affected by the size, 
speed, operating condition and design of the unit. The operating 
engineer should have a routine maintenance schedule for each 
engine to follow throughout the year. He should keep a com- 
plete record of all maintenance work on the unit. Such records 
will help to work out a more reliable maintenance schedule and 
overhauling schedule as the years pass; and it enables the 
engineer to keep a closer check on the performance of each 
engine part. Dated records should be kept on crankshaft allign- 
ment, clearance of piston rings, bearing clearance. The operating 
engineer should take note also of the condition of piston rings, 
pistons, liners, oil conditions, dimensions and replacements of 
piston rings, diameters of liners, etc. 
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Main Crankshaft and Connecting Rod Bearings 


After the gas engine has been run for some time, the main 
crankshaft and connecting rod bearings shou!d be inspected at 
the rate of once per year. The bearings should be checked for 
clearance. The main crankshaft bearings must be checked for 
proper alignment; this should be done after the main bearings 
are adjusted and whenever the pistons are removed. Any mis- 
alignment can be determined by measuring the deflection of the 
crankshaft flanges when rotating the shaft. Mount a sensitive 
deflection gauge between the parallel crank faces of the crank- 
shaft and take readings at 90-degree intervals in the shaft 
rotation. 

If the gas engine is run with misaligned main bearings, a 
repeated flexing of the crankshaft metal occurs and in the end 
there will be crystallization and failure of the shaft. If the 
measured deflection of a large gas engine is .003 inches, the bear- 
ings should be adjusted. The bearing adjustment can be done 
by removing and scraping the lower half of the main bearings 
until the proper alignment has been obtained. To estimate the 
clearance in bearings, the most satisfactory way is to remove the 
small shims, reassemble the bearing until it just binds in the 
shaft, and then reinsert the proper size of shim to provide the 
correct clearance. 

Every two or three years the clearance between the wrist pin 
and wrist pin bushings should be measured. If there is a thump 
of pronounced intensity, it indicates that a wrist pin assembly 
has become defective. In this case press the pin out of the 
piston, and measure the diameter of both the pin and bushing 
with a micrometer gauge. If excessive wear has occurred, grind 
the pins to true circular section and install new bushings of cor- 
rect diameter. 


Cylinders and Pistons 


About every six to eight months the piston should be removed 
from the gas engine so that carbon deposits can be removed from 
around the rings and so that any rings showing excessive wear 
can be replaced. Clean the piston and piston rings thoroughly of 
gumming oil and hard carbon. The oil holes back of the piston 
grooves should be cleaned. Replace the piston rings on the same 
piston from which they were removed. Stagger the ring gaps 
on opposite sides of the piston. Liner packing rings should be 
checked for tightness after the engine has been reassembled, by 
placing the water jacket under water pressure and watching for 
water leaks into the crankcase. 

If pistons are operated for a prolonged time with piston rings 
stuck, the piston and liner may become scuffed or gouged. If 
there is an indication that the piston rings are not working 
properly, clean the piston and free the piston rings at the earli- 
est hour possible. When excessive blowby of cylinder gases into 
the crankcase is noticed, or when there is a marked increase in 
the consumption of lubricating oil, it is likely that some of the 
piston rings have become stuck in the piston ring grooves. By 
removing the piston rings promptly and correcting the condi- 
tion, excessive wear on pistons, piston rings and cylinder liners 
resulting from higher temperatures and poor lubrication is 
stopped or prevented. 

When the piston is being cleaned, inspect the piston rings for 
wear and ring gap. After the piston rings have been placed on 
the piston, check the clearance between the rings and groove, by 
use of a feeler gauge. The seat for the piston ring should be 
square, and there should be no excessive taper in the ring 
groove, for this may lead to sticking of the rings. If power or 
compression rings are to be used over again, chamfer them 
slightly with a file to remove sharp wearing edges. The oil 
control rings of the scraper ring type should have a relatively 
small bearing area and also a sharp scraping edge. 

It is best, after the head has been taken off and the liner and 
piston removed, to measure the diameter of the liner in both 
transverse and lateral direction at three points of the piston 
stroke. Then make a record of the readings and compute the 
amount and rate of wear. After a new engine has been run for 
some time, the average maximum increase in diameter of the 
liner may amount to from .0004 to .0005 inches in 1,000 hours 
of operation. Cylinder liners may stand three reborings, after 
which new ones should be installed. Any rings showing excessive 
ring gap, lack of tension and an undue reduction in radial 
thickness should not be used again. 


Valves Need Checking 


Whenever the engine is dismantled, check the air starting valves 
and the valve motion devices including gears, camshaft, cams, 
push rods, and valve operating rockers. 

Reseat the exhaust and intake valves periodically to be sure 
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they will work properly. The exhaust valves should be reseated 
every two to three months, and the intake valves should be re- 
seated every four to six months. If the valve discs and seats 
have become pitted, they should be placed in a lathe and ground 
with a carborundum wheel until all pitting is removed; or the 
pitting may be removed with a cutting wheel. 

Small quantities of carbon and dust depositing between valve 
stems and guides may cause the vilve to stick. This occurs most 
likely after the engine has been shut down. Clean the valve sur- 
faces and inspect them for proper clearance. Excessive clearance 
of the valve stem will cause the valve to move sideways too much 
so that it may not close completely over the entire seat; and the 
valve disc may start to warp in reference to the stem. It is 
possible that the valve disc has warped already on the stem, 
and therefore will have to be aligned. If the valve guides have 
worn too much, cast iron bushings can be inserted to provide 
again a proper clearance. Hard steel bushing inserts may be ob- 
tained for the valve cages, and also replaceable valve seats. 

In larger engines the valves should be in removable cages, or 
they should be instal'ed in some other way which makes them 
easily removable for inspection and for grinding of valves. The 
operating staff should keep a stock of removable valve seat 
inserts. 

If the valve does not seat properly, injury may result to the 
valve and the gas engine will lose power and operate unevenly. 
After the valves have again been assembled in their cages, the 
seating surface should be lapped in with a good grinding paste. 
Later the fit should be checked by using a colored paste, as for 
example prussian blue. First apply some prussian blue paste to 
the cage seat. Then wipe to a thin film with a dry cloth. Then 
place the valve in the cage. Then rotate the valve disc slightly. 
Then check the disc which should show a continuous ring of blue. 
If it does not, more grinding is necessary to make a true contact. 
Smaller valves may be ground complete'y more economically by 
the lapping method only. 

Having replaced reground valves, the clearance between the 
valve stem cap and the valve operating mechanism should be 
adjusted properly. Inspect this clearance quite often for about 
two days after they have been put in service and adjust whenever 
necessary; for there may be a change in clearance for a day 
or two due to the hammering of the valve. It is a good plan to 
inspect the valves about once a week to make sure that a proper 
clearance is maintained. 


Lubrication 


Most careful attention should be given to the lubricating oil 
system consisting of engine sump or oil storage tank, oil pump, 
oil filter, or screen, oil cooler, oil centrifuge, or purifier, and 
oil distribution lines. The best quality of oil obtainable for the 
purpose should be used in the plant. After a new installation 
has been started, the oil should be checked say weekly for sus- 
pended solids, for viscosity, for water, for neutralization num- 
ber, and also for sulphur content if the gas burned contains an 
appreciab!e amount of hydrogen sulphide. An oil changing and 
oil purification schedule should be worked out from experience 
to meet engine requirements; and once this has been done, the 
oil conditions may have to be inspected only about once a month. 

When operating conditions are normal and a batch system of 
purifying the oil is used, the oil should be removed fully once a 
month and new or purified oil substituted. The oil tends to build 
up solids, due to thermal decomposition. Water which forms 
in the crankcase of the engine from blowby of combustion gases, 
leads to the forming of oil-water emulsions which are some- 
times called sludge. When accumulating in the crankcase, this 
sludge should be removed completely before any new or purified 
oil is added to the system. The rate of oil decomposition and the 
formation of sludge being increased by excessive blowby of the 
combustion gases, oil inspection and oil changing may be re- 
quired more frequently if excessive b!owby occurs. 

The operator should never allow the sludge to accumulate so 
it will be pumped through the oil circulating system. The oil 
pump for the main distribution system should be checked fre- 
quently to insure the correct discharge pressure. Oil screens in- 
stalled to remove coarse particles should be cleaned every three 
or four months. 

It is best to remove the water and s!udge from the crankcase 
by using a gear pump with flexible suction hose. Do not wipe 
the crankcase with rags, for the lint left might be pumped 
through the oil lines and deposited on the screen, which will re- 
sult in lower oil pressure in the system. 


Oil Cooling and Purifying 


The temperature of the oil in the cooler should not exceed 160 
degrees Fahr., and water should not be allowed to leak into the 












oil. There should be thermometers in the oil line before and after 
the coolers. When the temperature differential for operating 
the cooler is not sufficient, the cooler should be bypassed and 
cleaned. The cooler should be cleaned periodically; remove the 
tube bundle and boil it in a 10 per cent solution of tri-sodiym 
phosphate (which is an emu'sifying agent) until the sludge 
settled in the tube bundle is removed and softened. Then blow 
the bundle out with compressed air to remove traces of softened 
material. 


The oil in the circulating system should not contain more than 
0.75 per cent suspended solids. The solids content can be reduced 
in a centrifuge to about 0.15 per cent, and the water content to 
less than 0.1 per cent moisture. For centrifuging, the oil should 
be heated first to 140 to 160 degrees Fahr., with a relatively low- 
temperature element. The oil heater should not be of the ip- 
stantaneous type, for the e‘ement in this heater is so hot that 
there is danger of breaking down the oil. causing carbon de- 
posits around the heater, which insulates the heater and causes 
it eventually to burn out. 

When the engine is dismant'ed, check the oil distribution lines. 
Check also the link mechanism of the force feed lubricator for 
wear and replace worn parts if any. Also check the lubricating 
pump for rate of discharge. 


Waste Heat Equipment 


The cooling water should be maintained soft enough to pre- 
vent calcium and magnesium salts from depositing on the surface 
of the water jackets. The engine cooling water jackets should be 
inspected periodically for scale deposits. If there are heavy de- 
posits, correct the water conditions to prevent further deposits. 
Excessive deposits overheat engine parts as a result of lowering 
the heat transfer rate. It is preferable to use a closed system 
of water cooling; for in the open system using evaporation by 
cooling tower, deposits are built up. When a closed cooling sys- 
tem is used, the return water to the engines can be kept between 
90 and 100 degrees Fahr. and the water discharged from the 
engine jackets should not exceed 160 degrees Fahr. Periodically 
check the water pumps, water jackets and cooling facilities of 
the cooling water system. 

All or part of the waste heat from the engine jacket cooling 
water can be recovered for use in the water heating system of 
the building spaces and digestion tanks. This heat recovery saves 
coal or oil fuel which would otherwise be required to supply 
the heating system. In a four-cycle slow-speed gas engine of 
about 90-horsepower capacity, for example, operating under full 
load, the heat content of gas fuel is applied as follows: 255 
per cent in useful work, 3.5 per cent in radiation, 33.5 per cent 
in jacket cooling water, 37.5 per cent in exhaust and friction. 
Practically all of the 33.5 per cent of heat going to the jacket 
cooling water can be recovered in a hot water heating system. 

It is recommended to have the cooling water enter the engine 
jacket at between 110 and 130 degrees Fahr. and have it leave 
the engine at between 140 and 160 degrees Fahr. To effect effi- 
cient cooling of the engine, about 3,300 British thermal units 
must be removed from the engine jacket water per brake horse- 
power per hour. In passing the engine jacket water through the 
heating coils of the digester, therefore, this amount of heat 
must be extracted from them both winter and summer; if not all 
of this amount of heat can be extracted from the so-called water 
cooler in the digester, (that is, the digester heating system), part 
of the jacket water has to be circulated through a separate water 
cooler, as for example during the summer season, to obtain the 
required cooling effect. 

The heat that can be removed from the jacket water of a 90- 
horsepower engine under full load is 297,000 British thermal units 
per hour. For a 30-degree Fahr. temperature rise the amount of 
jacket cooling water required is 1,190 gallons per hour. Cooling 
of the water is effected in the digester heating system or in some 
other way, and a circulating pump of at least 1,190-gallons-per- 
hour capacity is needed to effect positive circulation of water. 
There should be a vented surge tank at the high point of the 
jacket water system, placed just ahead of the circulating pump 
or between the engine outlet and the cooler. There should be a 
thermometer at the cold water inlet and at the hot water outlet. 


Waste Heat Boiler 


In some gas engine installations the exhaust gases are ex- 
hausted to the atmosphere by way of exhaust silencers and waste 
heat boilers. If a waste heat boiler is used to extract enough heat 
from the exhaust gases to cool them from 900 degrees Fahr., to 
300 degrees Fahr., and a high boiler water temperature is de- 
sired to guard against possible condensation and corrosion, the 
jacket cooling water. of the engine may be pumped into the 
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boiler after preheated to 140 degrees Fahr. The waste heat 
boiler acts as a silencer for the engine, and if there is a by-pass 
ground the waste gas boiler, it should have an exhaust silencer. 

The waste heat boiler requires great care in operation. Water 
must not be permitted to condense on the gas side of the tubes 
if maintenance costs are to be kept low. Condensate forming on 
the gas side of the boiler tubes results in rapid corrosion and 
tube failure. When waste heat or exhaust gas boilers are not in 
use, they should be disconnected completely, for valves used in 
exhaust gas lines do not seat tightly and the gases filtering into 
the boiler corrode the gas side of the tubes due to deposit of con- 
densate. ; 

Condensation of water on the gas side of tubes, due to cold 
boilers, can be prevented by generating steam in the boiler and 
converting it to heating uses; or by heating water in the boiler 
and controlling its flow in such a manner that the temperature 
of the water will not drop below 180 degrees Fahr. At points 
where radiated heat will affect the operation of engine devices, 
the exhaust gas lines should be kept insulated. The heat radiated 
from the eingine, which is about 3.5 per cent, cannot be trans- 
ferred to the hot water heating system; this radiation helps cut 
down the heating load by heating the engine room partially. 
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The dewpoint, or the temperature at which condensation on 
the cooling surfaces of the waste heat boiler begins, is about 130 
degrees Fahr. As the gas contacts the boiler surface, there is a 
sudden drop in temperature; therefore the exhaust gases can be 
cooled only to that temperature where they will leave the boiler 
without condensation. The inlet temperature of the boiler water 
should not be less than 130 degrees Fahr.; and a safe minimum 
temperature of the exhaust gas is 300 degrees Fahr. 

If feed water is not available at 130 degrees Fahr., the waste 
heat boiler may be used to generate low-pressure steam which is 
passed to an independent tubular heater, the condensate return- 
ing to the waste heat boiler generally well above 130 degrees 
Fahr. Excess sludge gas, that is not used in the gas engine, can 
ne gy in a gas boiler to supplement the waste heat recovery 

oiler. 

Exhaust gases from a 4-cycle gas engine having water-cooled 
exhaust manifold, have a temperature of 800 to 900 degrees 
Fahr.; and exhaust gases from a two-cycle gas engine have a 
temperature of 300 to 500 degrees Fahr. A 90-horsepower four- 
cycle engine will produce about 1,130 pounds of exhaust gas per 
hour at full load, from which at least 150,000 British thermal 
units can be recovered per hour. 


SLUDGE GAS ENGINE INSTALLATIONS IN THE UNITED STATES** 


No. of Horse- 


Year Location Units power* Driving 
1926 Plainfield, New Jersey......... 2 15 Blower 
1928 Charlotte, North Carolina..... 1 225 Blower 
Charlotte, North Carolina..... 1 75 Pump 
1930 Rockville Centre, New York... 1 30 Blower 
San Bernardino, California.... 1 40 Generator 
1932 Rockville Centre, New York... 1 60 Blower 
Springfield, Illinois ............ 1 180 Blower 
1934 Springfield, Illinois ............ 1 157 Bl. & Gen. 
1935 Los Angeles County, California 1 200 Pump 
Cedar Hapids, ToWtis.:.c sss... 1 210 Generator 
Palo. Alto, Califernia.......... 1 40 Generator 
Ontarig, CARFOIMEE obs. ccececc. 1 40 Blower 
Madison, Wisconsin .......... 1 230 Blower 
Ann Arbor, Michigan ......... 1 120 Blower 
i Oe a eee 1 535 Blower 
a ee ere 1 300 Blower 
Durham, North Carolina ...... 2 150 Generator 
Greencastle, Indiana ......... 1 50 Blower 
ea err 1 300 Pump 
Te, SD x's ctdwctbiway ee cine 1 225 Generator 
1936-7 New York City, New York— 
NT NE, ohio dN wide oo eee ® 3 300 Generator 
District of Columbia........... 1 1200 Generator 
Janesville, Wisconsin ......... 1 30 Generator 
re 2 180 Blower 
Richmond, Indiana ............ 1 120 Blower 
Edwardsville, [Illinois ......... 1 15 Generator 
Sheboygan, Michigan ......... 2 120 Pump 
Green Bay, Wisconsin ........ 1 120 Generator 
Green Bay, Wisconsin ........ 1 90 Generator 
Fort Atkinson, Wisconsin..... 1 40 Generator 
LaCrosse, Wisconsin ......... 2 90 Generator 
Hutchinson, Kansas .......... 1 90 Generator 
Elmhurst, Illinois ............. 1 30 Generator 
BGROUNO, TORE bo ccccccecens 1 45 Generator 
Kewanee, Illinois ............. 1 30 Generator 
Wichtte, BAMGRS .....cccccses 1 70 Pump 
TACCREOUE,. TOMO onc cc cvccces 1 3 Generator 
FEO cee ee 30 Generator 
Chicago Heights, Illincis ..... 1 . 183 Blower 
Atlanta, Georgia— 
Intrenchment Creek ........ 2 120 Generator 
| AS re 2 180 Generator 
Grand Rapids, Michigan ..... 1 50 Generator 
RUT, THI, wees 4.6 hc acces 2 70 Pump 
Madison, Wisconsin .......... 1 23 Generator 
Monroe, Wisconsin ........... 1 3 Generator 


1938 New York, New York— 


Tatimans isiand ........6-.6% 2 800 Blower 
2 450 Blower 
2 350 Pump 
2 150 Pump 
Columbus, Ohio ........... a 750 Generator 
Detrost,. Michigan. .......06... 1 364 Generator 


Fort Dodge, Iowa ........... ae 275 Generator 


No. of Horse- 


Year Location Units power* Driving 
Lansing, Michigan ........... 1 240 Blower 
Oshkosh, Wisconsin ........... 2 160 Generator 
Albuquerque, New Mexico ... 1 150 Generator 
ig a” re eee 1 90 Blower 
Battle Creek, Michigan ...... 1 50 Pump 
Newcastle, Indiana .......... 1 45 Blower 
Crawfordsville, Indiana ...... 1 44 Blower 
pg TR ee 1 27 Generator 
Greensboro, South Carolina... 2 160 Generator 
Michigan City, Indiana ....... 1 74 Generator 

1939-40 Greenville. South Carolina ... 2 225 Generator 


198 Generator 
125 Pump 
75 Pump 
75 Generator 
100 Pump 
100 Blower 
80 Generator 
80 Generator 


Springfield, Missouri ......... 2 
Rock Island, Illinois .......... 5 
Rock Island, Illinois .......... 2 
Rock Island, Illinois .......... 1 
CeGe? FAUIGS, I0WE « «oo .0205 1 
Betevitie, DUMBO 2.460.000. 28 1 
Sharon, Pennsylvania ....... 2 
Butler, Pennsylvania ......... 1 
Wausau, Wisconsin .......... : 75 
1 
3 
1 
1 
1 
1 
2 
1 


Generator 
Wausau, Wisconsin .......... 50 Generator 
Wausau, Wisconsin ........... 50 Pump 
Puen, Comends ..5...-.....0% 75 Pump 
Manitowoc, Wisconsin es ae 75 Pump 
Manitowoc, Wisconsin ........ 35 Pump 
pe a eee 75 Generator 
Davenport, Iowa .......... 75 Pump 
Kenosha, Wisconsin ..... 75 Pump 
Stevens Point, Wisconsin wal 75 Generator 
pO ere 2 75 Blower 


Marion, TAGIRME. ..o.ceccscviase 1 50 Pump 
FERMOCM, BU BOE vicce sci ce sae 1 50 Pump 
Lake Charles, Louisiana ..... 1 50 Blower 
Carlsbad, New Mexico ........ 2 50 Pump 
Metairie, Louisiana .......... 1 50 Blower 
Two Rivers, Wisconsin ..... 1 43 Blower 

Two Rivers, Wisconsin ...... 1 40 Pump 

Escanaba, Michigan .......... 1 40 Generator 
Shawano, Wisconsin ......... 1 35 Generator 


PP a) 1 30 Generator 
Monroe, Michigan ............ 1 25 Pump 
Gary, TROWMGR sic cscs Bt ails 2 ae 175 _Pump 
Gary, TAGE AF. so casts 2 300 Blower 
CIOVORRRG, TORID cowcccciccr. 2 390 Blower 
Fort Wayne, Indiana ..... 6 ae 450 Blower 
AGrian, BICMIGAR ......:6%... 1 45 Blower 
iy a SS eee ‘4 1 45 Blower 
Pontiac, Michigan ......... 1 150 Blower 
New York City, New York- 

PEN. 5 indo ess SE 1440 Generator 

COROT TOMI ove os vis ccec recs 3 920 Generator 


INot yet installed. *H.P. of each unit. **(Compiled by Ralph 
E. Fuhrman, Ass’t Supt., Sewage Treatment Works, Washington. 
D. ©.) 








































































Controlled aeration for the 
Activated Sludge Process. For 
towns of 4,000 and up. Diffus- 
er tube assembly can be 
raised to tank walk. Simple 
regulation of air supply from 


tank walk. Tube cleaning 
without dewatering tanks or 
interrupting operation. Ask 


for Bulletin 175. 


Fig. 2914—Swing Diffusers 


CHICAGO PUMP COMPANY 


2349 Wolfram St., CHICAGO, ILLINOIS 


Fig. 2349 (right)—Combination 
Aerator-Clarifier 
providing complete treatment 
of sewage without odor nui- 
sance and with minimum 
manual operation. Ideal for 
housing projects, small camps. 
institutions and small towns. 
Over 75 units operating suc- 
cessfully. Ask for Bulletin 

128-K. 























‘ 





Fig. 2202—Comminutor 
Eliminates screenings and screenings disposal—No burial; No in- 
cineration. Cuts coarse sewage matter into small settleable solids 
without removal from the channel. 
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Fig. 1860—Scru-Peller Primary Sludge Pump 

Screw conveyor in the suction ahead of the 
impeller. Stellited cutters prevent elogging. 
The capacity can be varied instantly. Ask 


Bulletin 190. 











Fig 2504—Vertical 
Open-Shaft Non-Clog 
Pump 

















Fig. 2038—Flush-Kleen Sewage Pumping Station 











Universal Flexible 
Couplings in shaft 


compensate for mis- Being mounted directly on base prevents pump stopped by Flush-Kleen strainer and is flushed out through 
pulled out of alignment by long lines of discharge pipe. Check valve prevents discharging back 


alignment. Ask for being 
Bulletin 126. piping 


Fig. 1774—Horizontal Non-Clog Pump 


. Ask for Bulletin 127. 





Requires no attention. NEVER CLOGS. Automatically 
backwashes strainer. Keeps solids from basin and pumps. 
Impeller handles water only. Coarse sewage matter is 


through inlet line. Ask for Bulletin 122. 








SLUDGE PUMPING 


A Discussion on Pumps, Installation, Design and Operating Problems 


By S. E. KAPPE, Engineer 
Chicago Pump Co., Washington, D. C. 


HE purpose of this paper is to discuss briefly the problems 

encountered in moving sewage sludges from one tank to an- 
other. The paper covers the type of pumps used for sludge 
pumping, their respective advantages and disadvantages, the 
design of sludge lines, and the problems involved in sludge 
pumping and their solution. Since the writer’s firm manufac- 
tures all types of pumps commonly used for sludge pumping, an 
opportunity is presented to discuss the subject from experience 
gathered in actual plant operation. 


The Plunger Pump 


The plunger pump is popular because of its positive displace- 

ment characteristics. It will pump mixtures of sludges, sewage 
gases, and air equally as well as liquids. It is this self-priming 
feature which makes the pump more readily primed than a 
centrifugal pump where a suction lift is involved, or high spots 
exist in the suction line where gases may accumulate. Beyond 
this characteristic, however, it is questionable whether this pump 
offers any other superiority over other well-designed sludge 
yumps. 
The following are some of the objectionable features of the 
plunger pump. The pump is often very noisy, complaint being 
frequent that it pounds and knocks. Such pounding is due to the 
reversal stresses in the different parts of the pump, caused by 
the starting and stopping of the column of heavy fluid on the 
suction and discharge side at each stroke. This noise can often 
be minimized by providing adequate air chambers on both the 
suction and discharge sides, and by reducing the pump speed. 
The reverse flow of the sludge through the valves is commonly 
known as slippage. It reduces the delivery of the pump, and, as 
a consequence, its efficiency. 

Another objectionable feature is the maintenance required to 
keep the packing tight. If the packing is too soft, too loose, or 
improperly placed, the operator might find himself as well as the 
walls and floor sprayed with sludge, leaving an unpleasant taste 
and a messy cleaning. job. Then if the packing is too tight, 
scored pistons or cylinders and broken shear pins may be ex- 
perienced. The amount of grit in the sludge will govern the 
life of the packing and, likewise, the wear to which the pistons 
and cylinders will be subject. An effective grit chamber at the 
head of the treatment plant is an asset in prolonging the life of 
sludge pumps, and plunger type pumps in particular. 

The valves on the suction and discharge side, whether they be 
ball or flap type, often require frequent attention. Clogging ma- 
terial will accumulate under the valve seats and around the 
valves and may cause the pump to stop delivering completely. 
The valves. should, therefore, be inspected periodically. Poor 
valves may swell and stick, or the rubber may soften or become 
worn down by gritty material to a size that can be forced into 
the pump or piping. 


The Centrifugal Pump 


Centrifugal sludge pumps cannot, like the plunger pump, han- 
dle sludges containing large amounts of gas or air. If there is 
too much sludge gas and air present, the centrifugal pump be- 
comes gas-bound. Therefore, it can readily be seen that this type 
of pump is not as adaptable for use where there is a suction 
lift or where air or gas pockets can exist in suction lines. It is 
also necessary to prevent air from being sucked in through the 
stuffing boxes. For this purpose waterseals must be provided. 
This does not mean that this type pump cannot be used for suc- 
tion lift duty. On the contrary, there are many centrifugal 
sludge pumps operating successfully under suction lifts up to 
fifteen feet. 

When suction lift duty is involved, a priming chamber should 
be provided. This priming chamber must perform the dual 
service of automatic priming and removing accumulated air and 
gases from the suction line. Where a suction lift exists, the 
discharge nozzle of a horizontal centrifugal pump should be on 
the top side of the volute, either parallel to the floor or in a 
vertical upright position. If the discharge nozzle faces down- 
ward, or is placed on the bottom of the volute parallel to the 
floor, the pump can not be readily primed because there is no 


way for the entrapped air and gas in the top of the casing to 
escape. 

In may surprise some to hear that, in general, the so-called 
non-clog type centrifual pump has not proven very satisfactory 
for sludge pumping service. The smaller the capacity, the more 
clogging difficulties could be expected from the concentrated 
amounts of hair, rags, and stringy material in the sludge. Best 
results are obtained if the suction line is short. The whirling 
action induced on the suction side of this type, pump is not con- 
ducive to trouble-free operation. The impeller motion causes 
the sludge in the suction pipe to rotate in a whirling or spiral 
motion for a distance of fifteen feet or more. This whirling 
action will often twist and enmesh the concentrated hair, rags, 
and stringy material in the sludge into ropes, or wads, which 
will then clog the impeller of so-called non-clog pumps. An- 
other objection is that the centrifugal force at the suction eye 
of the impeller may partially dewater the sludge and thus cause 
clogging. 

Centrifugal pumps perform best under positive suction head 
conditions. This type pump is preferred by many because its 
operation is quiet and clean, and there are no ball valves or flap 
valves incorporated which would need periodic attention. 


Force-Feed Centrifugals 


In spite of a!l the inherent weaknesses of the plunger pump, 
until the development of special force feeding centrifugal pumps, 
the plunger pump was the best available for pumping sludges, 
particularly in the small capacity ranges. Numerous attempts 
were made to design a sludge pump incorporating the good fea- 
tures of both the plunger pump and centrifugal pump. In this 
direction the best answer today is the s!udge pump conceived by 
the late Walter A. Bell while Plant Superintendent of the North- 
side Treatment Plant, Chicago, Illinois. This sludge pump is a 
modification of the centrifugal pump and is known today as the 
“scru-peller” sludge pump. This pump, however, has the inherent 
priming weakness of the centrifugal pump. This objection is 
overcome by the use of proper priming equipment. It has ali 
the advantages of the centrifugal pump plus the ability to pass 
solids better than any other pump without clogging. Although 
the pump was designed for handling sludges, it has been used 
successfully at Army posts since 1934 for pumping raw, un- 
screened sewages. 

The “scru-peller’” pump has a two-screw conveyor which 
gives positive feed to a two-port impeller, thus eliminating the 
danger of partial sludge dewatering at the suction eye of the 
impeller. Cutting devices are provided in the conveyor housing 
to cut rags and other material into sizes that will pass through 
the pump. Cutting devices are also provided on the back of 
the impeller to prevent packing at this point. The suction nozzle 
is at right angles to the conveyor to prevent a whirling motion 
in the suction line. Bearing supports are provided at each end 
of the pump, as in plunger pump design, to absorb the shock 
imposed by the cutting load. If only one bearing was provided, 
the cutting load and uneven sludge concentration would impose 
too severe a load and strain on the bearing and shaft. Likewise, 
a two-port impeller is provided instead of a single vane impeller, 
because it would be impossible to balance a single vane hydraul- 
ically. The changing consistency of the sludge would cause undue 
vibration and whipping of the shaft. The operation of this pump 
is quiet. It is clean, because packing troubles are corrected in 
the design features. Having no valves, it is free from clogging 
and other ball and flap valve troubles. 


The Sludge Piping System 


Now that we have covered the advantages and disadvantages 
ot sludge pumps, let us consider the factors that a well-designed 
sludge pipe system should incorporate: 

1—A positive suction head is more desirable than a suction 
lift, regardless of the type of sludge pump used. Positive suc- 
tion heads will minimize the difficulty of moving heavy sludges 
at the beginning of the pumping period. 

2—The suction line should be as short as possible. The pipe 
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line should be entirely horizontal or slope towards the pump or 
rise vertically and then horizontally into the pump. The suc- 
tion line at the point entering the pump should never be lower 
than any other point on the suction line. (See sketch.) 

3—The number of bends should be at a minimum. Elbows and 
tees should have long radius bends to minimize stoppage. 

4—The suction inlet end should be located on the side of the 
sludge well to prevent formation of a vortex and, as a result, 
prevent flow of air into the suction line. A suction inlet in the 
bottom of the sludge hoppers is likely to be clogged by tools 
dropped into the hopper. 

5—Foot valves, float valves and check valves should never 
be used on the suction side of the pump. 

6—A combination vacuum and pressure gauge should be pro- 
vided on the suction side, and a pressure gauge on the discharge 
side of the pump. These gauges will indicate if clogging trou- 
bles are on the suction or discharge side and will indicate a 
build up in pumping head that may be taking place due to sludge 
caking (sludge ring) in the pipe lines. 

7—The check valves on the discharge side of the pump should 
be placed near the top of the vertical run or, preferably, in the 
horizontal section if possible. (See sketch.) The position of the 
valve should be such that when the pump is shut down undue 
amounts of grit and other foreign material in the sludge will 
not settle and pack on top of the flapper and prevent the check 
from opening when pumping is again started. 

8—Pipe sizes on the suction and discharge side of the pump 
should be selected to assure scouring velocities (not less than 
1 f.p.s.) in the sludge lines. Self-cleaning velocities will prevent 






sludge line is too large to give cleansing velocities, the sludge 
will cake on the inside of the pipe line. In time this sludge cake 
will slough off and in all probabilities clog the line if not the 
pump. 

It is difficult to understand why most of the sludge lines now 
in use, where the sludge is pumped, were not designed to fit the 
pump capacity and also give cleansing velocities. We would not 
think of designing a sewer with a velocity less than 2 f.p.s., even 
though the solids content is only 0.1 per cent. Yet sludge lines 
are built with velocities less than 0.5 f.p.s., handling concen- 
trated solids as high as 6 per cent or more. 

On a gravity system, or the sludge withdrawal system of 
Imhoff tanks, there is generally little trouble in the use of large 
sludge pipe lines, because normally the sludge lines are short 
and adequate head is available so that full opening of the gate 
valve will give high scouring velocities. But on a pumping 
system, the capacity of the pump and size of the sludge line will 
govern the velocity in the pipe. 

In referring to the hydraulic tables it will be noted that in 
order to get a minimum velocity of 1 f.p.s., the approximate 
pump capacity for a 4-inch line should be 40 g.p.m.; for a 6-inch 
pipe, 90 g.p.m.; for an 8-inch pipe, 160 g.p.m.; and twice as much 
if a velocity of 2 f.p.s. is required. Slow velocities will also 
cause the heavier material to roll along the bottom of the pipe 
line. One can picture this rolling action enmeshing hair, rags 
and stringy material in the sludges and forming wads that may 
clog the pipe line or valves on the plunger pump. 

Arguments generally presented are that 6 inch, 8 inch, and 10 
inch sludge pipes must be used to pass the concentrated material 


































































or minimize sludge caking on the inside of the pipe. If the and prevent clogging. The fallacy of this argument is that it 
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Sketch Illustrating Some Good and Some Not-so-Good Features of Sludge Pump Installations 


Installation of “Scru-peller” Sludge Pumps at Lebanon,-Pa. 














augments clogging troubles. If a plunger pump is used it is ques- 
tionable if its ball valve chambers will pass a 1 inch sphere let 
alone a 5 inch or 6 inch sphere, and we know that match sticks 
will cause plunger pumps to lose their prime and cause a re- 
duction in pump capacity due to slippage. If a “scru-peller pump” 
is used, whatever reaches the pump that is cuttable will be cut 
up and passed through the pump. Nevertheless, slow velocities 
cause sludge caking to build up on the inside of the pipe. In 
time this scum will break loose and plug the sludge lines usually 
at a bend, fitting, or valve. 


Causes of Capacity Loss 


Perhaps you have noted that the pump sometimes does not 
deliver its rated capacity. Let us analyze the reason for this 
condition: In the case of plunger pumps, the valves may have 
been worn to an extent that they cause too much slippage. Then 
again, sludges when subject to a suction lift or vacuum may 
release gasses to an extent that the pump may be pumping gobs 
of air followed by slugs of sludge. 

We know that primary sludges have a varying degree of 
moisture. The moisture content in the sludge will generally be 
lowest at the beginning of the pumping cycle and will increase 
progressively to the end of the pumping cycle. During any cycle 
of pumping, the moisture content may vary from 90 per cent to 
99 per cent. Sludges which have a moisture content of only 90 
per cent will have a very high friction factor compared with 
sludges of 99 per cent moisture content. It is for this reason that 
during the first two or three minutes or more of any pumping 
cycle it is hard to get the sludge moving. The friction loss may 
be five to ten times greater than the friction loss during the 
balance of the pumping cycle. 

It is generally easier to pump sludges having solids contents 
of less than 7 per cent. Above this point, depending on the 
character of the sludge, and particularly if it is around 10 per 
cent, you might have less trouble if you shovel it. Another point 
to remember is that sludges from one plant may be more diffi- 
cult to pump than sludges from another plant, even though the 
solids content may be the same. 

The unpredictable character of the sludge and its changing 
solids content has frustrated all attempts to establish accurate 
friction losses in sludge lines. As a result, it is more or less 
necessary to estimate the total dynamic pumping head. If you 
wish to increase or decrease the capacity of the pump, the sim- 
plest way is to equip the pump with a vari-drive type motor. 
Such a motor will allow you to increase or decrease the pump 
capacity by turning a small handwheel. 

In speaking to operators where both plunger pumps and “scru- 
peller” pumps are installed side by side, it is surprising to hear 
the conflicting arguments that the plunger pump will pump 
heavier sludges better than the “scru-peller” pump and vice 
versa. Questioning fails to reveal any substantiating evidence. 
There is no reason why one pump should be able to pump 
heavier sludges than the other if both pumps are properly in- 
stalled and in good operating condition. 


Operating Problems—and Their Solution 


You have often heard the remark that you should pump 
sludges at a slow rate to prevent pulling a hole in the sludge 
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blanket. Also that a centrifugal pump will pull a hole in the 
sludge blanket whereas a plunger pump will not. Operators who 
made experiments and who took sludge soundings before and 
after pumping with both types of pumps know that this is not 
true. A hole might be pulled in the sludge blanket by any type of 
pump regardless of the pump capacity. The cause of this trou- 
ble is sludge arching, and failure to flow freely to the intake line. 

The sludge may arch over the hoppers, around the sludge pipe 
in the hopper corners, or the hoppers may be too large with flat 
slopes and of improper design. Sometimes frequent pumping will 
prevent arching or the pulsating effect of the plunger pump will 
break part of it loose. The best answer is to squeegee, otherwise 
the breaking loose of the arched sludge may allow the gas bub- 
bles to float the sludge blanket to the tank surface. If this should 
occur, hosing will make it settle readily. 

Squeegeeing the hoppers will also reduce the pumping time on 
rectangular clarifiers, and it will reduce the amount of water 
formerly pumped to the digester. The less water pumped to the 
digester, the smaller will be your supernatant disposal problem. 
Another good way to minimize your supernatant problem is to 
draw the sludge into a concentration tank. After an adequate 
settling period decant the clarified liquor and then pump the con- 
centrated sludge. If the sludge mixture is allowed to stay in the 
concentration tank too long without any stirring, you may find 
the supernatant on the bottom and the sludge floating on top. 
The best way to solve the supernatant problem is at the original 
source, in the undigested sludge, where the liquor does not have 
the toxic effect that it has when it leaves the digester. 

Where plunger pumps pounded excessively, air snifter valves 
have been placed on the suction side to form an air cushion 
within the pump cylinder. This does a good job in overcoming 
pounding, but it is not recommended. Its evil is that you are 
sitting on a potential volcano that might go off any minute be- 
cause while you eliminate pounding, you are also pumping a 
certain amount of the air with the sludge into the digester, mak- 
ing possible an explosive mixture. 

Perhaps you have been faced with the problem of prime failure. 
It it is a centrifugal pump with primer, check your priming 
equipment for leaky gaskets, sticky valves, or stuck floats. Also, 
make sure that seal water is flowing to the stuffing boxes. If it 
is a plunger pump, leaky packing might have to be replaced or 
tightened. Often the trouble may be a clogged line, or the suc- 
tion pipe may be sheared off where it enters or leaves a wall. 

Perhaps you are having trouble with a check valve at the foot 
of vertical riser pipe that is being clogged by grit and other 
material settling on top of the flapper. “{ the check valve cannot 
be relocated near the top of the vertical riser pipe or in a horizon- 
tal section, you may find that a clear water flushing connection 
on the suction side between the pump and gate valve of great 
help to you. By flushing the pipe line under pressure after each 
pumping you can force the grit and other material to a point 
where it will not cause any trouble. This flushing connection 
will also be a great help in case it is necessary to dismantle 
the pump or clean the ball or flap valves. It is much nicer to 
work on a pump full of clear water than sludge. It should be 
borne in mind that this flushing connection should be made in 
accordance with cross-connection requirements of the State De- 
partment of Health. . 



























































WATER SERVICE AND SEWER RENTS 


The following interesting decision is reported by the Municipal 
Legal Information Service of the New York State Conference 
of Mayors and Other Municipal Officials : 

“On October 11, 1940, the Court of Appeals, Richmond county, 
Ohio, held that the city of Mansfield had authority by ordinance 
and rules and regulations issued thereunder to shut off water at 
premises which are delinquent in their sewer rental payments. 
Pointing out that it is well settled that a city may shut off water 
for nonpayment of a delinquent water bill, the Court considers 
the direct question involved in this case of the power of a city 
to discontinue one service for failure to pay for another service, 
and holds that the sewer and water systems are so closely related 
as to be considered one transaction as the operation of the sewage 
system is dependent upon the water supply, therefore, it is rea- 
sonable to shut off water for nonpayment of a delinquent sewer 
rental bill. The court cites and relies upon the case of Dodd v. 
City of Atlanta, 113 S. E. 166, which reached the same decision 
as was reached in the instant case. Gatton v. City of Mansfield.” 












































































A RAPID METHOD FOR DETERMINING SLUDGE SOLIDS 


The Sludge Triangle Procedure 





By GEORGE E. SYMONS, Chief Chemist, and STEPHEN R. KIN, Assistant Chemist 
Buffalo Sewer Authority, Buffalo, N. Y. 


N the January, 1942, issue of WATER WorKs AND SEWERAGE’ 

there appeared a discussion of “The Sludge Triangle” as a key 
to a rapid method for determining sludge solids. In order to make 
that technique more readily available, this article has been pre- 
pared. The theory, experimental development and results are to 
be found in the original article’ and, therefore, are omitted here. 
But, as an introduction, facts drawn from the previous article are 
presented. 

1. It is possible, by use of a special “sludge triangle” graph, to 
estimate any two characteristics of a sludge if the volume 
of filtrate liquor from laboratory vacuum-filtration of a 
chemically treated sample, and one other characteristic, are 
known. These characteristics are per cent solids, per cent 
volatile matter and specific gravity. 

2. The method for determining the solids content of a sludge 
depends on the treatment of a measured sample of sludge 
with known quantities of lime and ferric chloride, measure- 
ment of the vo.ume of filtrate resulting from vacuum filtra- 
tion of the treated sample, and determination of the specific 
gravity of the untreated sludge sample. It is possible to per- 
form both tests in ten minutes, after which the total solids 
and volatile matter content can be estimated with a reason- 
able degree of accuracy through use of a graph knawn as 
the “Sludge Triangle.” 

3. The per cent solids content may also be estimated from 
volume of filtrate or specific gravity, if the approximate 
volatile matter content of the sludge is known. Or, the vola- 
tile matter may be estimated from the volume of filtrate 
liquor or specific gravity, if the total solids content is known. 
And, specific gravity may be estimated, if total solids and 
volatile matter content are determined. 

4. This simple method is particularly advantageous in plants 
using chemical conditioning of sludge where the quantity of 
conditioning chemicals used is dependent to some extent on 
the volume of water associated with the sludge and/or its 
content of volatile matter. 


Procedure 
Filtrate Volume 


Measure 200 ml. of well-mixed sludge in a 200 ml. graduate 
(calibrated to deliver 200 ml. volume of water). Pour the sludge 
into a 400 ml. beaker that has been rinsed with water and drained, 
but not dried. 

Add 10 ml. of lime reagent containing 0.1 gram of available CaO 
per ml. Mix well with a flat policeman. Add 5 ml. of ferric 
chloride reagent containing 0.1 gram of FeCl; per ml. Mix again. 

Place a No. 615 crepe surface filter paper, or equal, on a 3% 
inch Buchner funnel, and insert the funnel in a 500 gal. ml. filter- 
ing flask. Wet the filter paper with water, apply vacuum until 
the free liquid has been removed from the funnel, then empty the 
filter flask, 

Pour the conditioned sludge into the Buchner funnel, using a 
flat rubber policeman to remove drops of the sludge sample ad- 
hering to the walls of the beaker. 

App!y the vacuum to the flask. When the break-through of 
air is noted, carefully press the surface of the filter cake with the 
flat top of a mushroom stopper, or other flat object, in order to 
close cracks in the cake and secure full effect of the vacuum. 
Maintain the vacuum and continue pressing the cake until the 
rate of passage of liquor through the Buchner funnel is less than 
one drop every five seconds. To continue the vacuum beyond this 
point may produce an evaporation of liquid sufficient to interfere 
with the accuracy of the test. 

Pour the filtrate from the vacuum filter flask into a 200 ml. 
graduate (preferably the same as used in measuring the original 
sludge), and note the volume of the filtrate liquor. 


Determination of Specific Gravity 


For the determination of specific gravity use a 500 ml. Erlen- 
meyer flask to reduce the error attendant with use of smaller 
samples. Into the neck of the Erlenmeyer flask insert a special 
rubber stopper (made of a No. 7, one-hole stopper and half of a 
No. 5, one-hole stopper, as shown in Fig. 1). Weigh on a labora- 
tory torsion balance, to the nearest 0.5 gram. 

To determine the specific gravity, pour a well mixed sample of 
sludge into the tared Erlenmeyer flask and stopper it, forcing 
excess sludge out through the glass tube. Rinse the outside of 


the flask. Hold a finger over the end of the glass tube and shake 
the Erlenmeyer flask in a vertical plane with a rapid upward 
motion and a slow downward motion. This technique increases 
gravitational force and causes small bubbles, entrapped in the 
sludge, to rise to the top. After shaking about 50 times in this 
manner, remove the special stopper and add sludge to the flask 
until full. Replace the stopper in the flask and force out excess 
sludge. Wash the Erlenmeyer flask, wipe the outside and weigh, 
The weight of the sludge divided by the weight of the same yol- 
ume of water required to fill the flask is the specific gravity. 


Use of Sludge Triangle 


From experimental study, it was possible to show the inter- 
relation of all factors affecting the release of water from a chem- 
ically treated sludge; namely, per cent solids, per cent of vola- 
tile matter and specific gravity, as related to ml. of filtrate ob- 
tained from the sludge that had been treated as described above. 
The data, when plotted, produced lines within a wedge shaped 
triangle. This graph, designated “The Sludge Triangle,” is shown 
in Fig. 2. 

The useful applicability of “The Sludge Triangle” depends 
upon its accuracy when compared to the present standard method’ 
of evaporating samples to dryness and weighing. To obtain such 
a comparison, the proposed method was run in parallel’ with the 
standard method for a period of 28 days. 

This comparative study indicated the average error in total 
solids by the new method to be only 0.02 per cent of the standard 
method. (This agreement is somewhat surprising since the pre- 
posed method actually determines the suspended and flocculatable 
solids, and does not include the dissolved solids in the expressed 
liquor. Total solids should be at least 0.1 to 0.3 per cent higher 
because of this dissolved matter.) In the estimation of volatile 
matter content, “The Sludge Triangle” is less accurate. The 
average error during the four-week period was 2.43 per cent, 
with wider variations in individual samples than in the case of 
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Fig. 1\—Flask for Determination of Specific Gravity of Sludges. 











total solids. It appears that the errors are greater when the con- 
centration of solids is below 3 per cent. ; 

These errors are based on the assumption that the standard 
method is correct. However, considering the difficulties of sam- 
pling sludges for the determination of total solids and _ volatile 
matter (by evaporation and ignition), it is not surprising that 
there are some differences between the two methods. It has been 
shown that sampling® is important in sludges of this type. 


Variations in Technique 


(1) In special cases, it was found that certain variations in 
technique could be employed. For example, when the solid con- 
centration is above 8 or 10 per cent, and a sample of sludge does 
not pour cleaniy from a graduate in which it is measured, the 
graduate may be rinsed out with a 20 ml. of water from a pipette 
and the rinse water poured into the beaker containing the sludge 
to be conditioned and filtered. After the filtration, 20 ml. is sub- 
tracted from the volume of the filtrate readings in order to give 
the filtrate volume from the original sludge. 

(2) Where greater accuracy of measurements is desired, it is 
possible to weigh the original sample of sludge and then weigh 
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the graduate or beaker from which it is poured into the Buchner 
funne.. This difference in weight when corrected for specific 
gravity will give the actual volume of sludge conditioned and 
filtered. Inasmuch as the test depends upon the use of a standard 
200 ml. sample, any variation from that volume, as determined 
by difference in weight, according to this method can be applied 
to the filtrate volume reading in order to produce a correct 
reading. 

(3) For sludges of greater than 8 per cent solids, the gravity 
may be determined by diluting the samp!e with an equal volume 
of water. This procedure simplifies the removal of entrained air 
bubbles. In this case the specific gravity of the original sludge 
is calculated according to the equation: 

(Sp.G.— 1) X 2+ 1 = Sp.G. of original sludge 

This technique will eliminate some of the objections to the 
determination of specific gravity cited by Smith.’ 

(4) To further ‘simplify the technique, and increase the ac- 
curacy of the test, determine the specific gravity in a 200 ml. 
Erlenmeyer flask and use the sample thus weighed as the sample 
ot be chemically conditioned and filtered. The gain in accuracy 
of determining the amount of sample filtered would off-set the 
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Fig. 2—The Sludge Triangle. 
A Graph of*Interrelations of Three Sludge Characteristics. 
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decrease in accuracy of the specific gravity determination on the 
smaller sample. (If the 200 ml. flask does not hold exactly that 
volume, the graph must be reconstructed. ) 

(5) If the volatile content of the sludge is not known, deter- 
mine the specific gravity of the sludge and the volume of the 
filtrate liquor. From these, the per cent solids in the original 
sludge sample and the per cent volatile matter in the sludge may 
be determined from the graph. If the volatile content of the 
sludge is known, or approximately known, it may be unessential 
to determine the specific gravity in order to obtain the approxi- 
mate concentration of solids in the sludge. 


A Thorough Study Desired 
This particular “Sludge Triangle” was developed on raw and 


digested sludge from the Buffalo sewage treatment plant. Sludges 
from other sewage disposal plants may exhibit different charac- 








teristics in this test and this “Sludge Triangle” therefore may not 
apply directly. A specific triangle may have to be developed for 
each particular type of sludge; this may be especially true for 
activated sludge. It is hoped that the applicability of this test 
will receive considerable study in other sewage treatment works 
and that its use will be as advantageous elsewhere as it has been 
in Buffalo. 
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DETERMINATION OF HYDROGEN SULPHIDE 
BY SIMPLE METHOD 


By GEORGE MARTIN, Superintendent of Sewerage 


Green Bay, Wisc. 


sewage, sewage gas, and polluted waters it was found that 

the procedure as described in Standard Methods was not sat- 
isfactory, due to the fact that polluted waters and sewage have 
an iodine demand. Therefore, a modified or special method of 
procedure was adopted. This special method is based upon the 
known fact that filter paper treated with a lead acetate solution 
will darken when placed in contact with hydrogen sulphide. It 
was found that by making a set of standards, with which any 
sample might be compared, consistent and fairly accurate results 
could be obtained. 


fe MAKING routine determinations of hydrogen sulphide in 


The Apparatus 

The apparatus necessary for making these determinations con- 
sists of a standard 500 ml. filtering flask, on the inside of which 
is placed an air diffuser made of a perforated aluminum tube con- 
nected to the flask’s side tube by means of a rubber hose. On the 
outside of the side tube there is attached the rubber air intake 
hose. The lead acetate paper is held in place on the top of the 
suction flask between a rubber ring “A,” which is a standard 
Gooch crucible holder for an ordinary two-inch funnel, and a 
standard Gooch crucible holder “B,” as is ordinarily used with 
a filter flask. “A” and “B” are held together by a utility clamp 
fastened to a ring stand. The rubber hose which is attached to 
the glass tubing of “RB” is connected to a suction device. 


The Procedure 


In making a determination with this apparatus the sample to 
be tested is delivered into the flask directly from a pipette through 
the aeration tube. Air is then drawn through the liquid for two 
minutes and by so doing the hydrogen sulphide passes on up 
through the lead acetate paper, discoloring it. The amount of 
hydrogen sulphide is determined by comparing the colored leau 
acetate paper with the standards and converting the results into 
the desired units. 

In order to operate this apparatus satisfactorily it is necessary 
that there be at least 100 ml. of liquid in the flask. Thus, if the 
sample being tested is high in hydrogen sulphide, it becomes neces- 
sary to dilute it with hydrogen sulphide free water. If it is desired 
to have the final results in p.p.m., this figure is arrived at by 
multiplying the color comparison in mg. by 1000 (mg. per liter = 
p.p.m.) and dividing by the ml. of sample used. 


Example: Sample = 10 ml. 


Volume of water added to flask ahead of the sam- 
ple = 90 ml. 
Color comparison = 0.05 
p.p.m. = 0.05 K 1000 = 5 p.p.m. 
10 


Gas may be tested for hydrogen sulphide content by passing a 
known volume through the above 














described apparatus. 


Test Papers and Standards 
The lead acetate paper is pre- 
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“mes pared by soaking filter paper in a 
10% solution of lead acetate and 
drying in an oven until approxi- 
mately 10% to 15% of the mois- 
ture remains in the paper. The 

Sie Ven paper must then be kept in an 











air-tight container. 
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Standards are made from a so- 
lution of hydrogen sulphide pre- 
pared by generating hydrogen sul- 
phide in distilled water from iron 
sulphide by the addition of dilute 
sulfuric acid, the solution being 
standardized by iodine titration. 

[Note: The apparatus herein 
described won for the author first 
prize in the Gadget Contest con- 
ducted at the recent Convention 
of the Central States Sewage 
Works Association.—Ed. ] 




















170 Pringle Street, 


Converting a Loss Into a Profit! 


Instead of the expense of incinerating or burying sludge 
cake from filters or drying beds, an ever increasing number 
of sewage plants are disintegrating their sludge cake with a 
Rover so that it can be used for readily marketable fertilizer, 
thus realizing a profit and saving manpower. 


The Royer shreds, aerates and further dries sludge, readily 
handling cake with moisture content of 50% and more. It 
removes sticks and stones and loads directly into trucks or 
onto piles. Compost, soil, sand, manure or chemical enrich- 
ening materials can be thoroughly mixed into the sludge in 
any proportion in the same operation. 


Here’s how it works. Material loaded into the hopper is fed 
to a belt which rapidly revolves at a 45° angle and upon 
which are rows of sprigs, or teeth. Sludge cake is raked 
and worked over by these hundreds of teeth until it is re- 
duced to small particles that are ideal for top dressing, for 
working into the soil or for blending with other soil building 
materials. The particles can be adjusted from pea size to 
larger, by adjusting a sweep on the discharge end. A de- 
flector controls the arc of the discharge throw. 


Saves 3 Ways for Municipalities! 


The Royer is used by many cities in parks, public golf 
courses and cemeteries to shred, aerate and enrich compost 
and soil. Cities with greenhouses or conservatories use them 
to prepare bench and potting soils. The Royer Junior can 
be lifted onto and used right in the bench. Many cities use 
them to mix clay and cinders, sand and clay or to mix in 
calcium chloride for tennis courts, running tracks, horseshoe 
courts, etc. Not uncommonly cities use a Royer for all 
three jobs, various departments sharing the purchase cost 
or renting them from the sewage plant. 


Cities with extensive park systems frequently absorb the 
entire prepared sludge from their sewage plants; beautiful 
lawns and foliage resulting. Other sewage treatment plants 
take care of their parks and have enough over to supply 
local golf clubs, florists and truck gardeners. The success 
enjoyed by Milwaukee, Wisconsin and Dayton, Ohio in mar- 
keting prepared sludge as fertilizer needs no elaboration. 


A Size and Capacity for Every Plant! 


Royers are available in twelve portable and stationary models 
with electric motor, gasoline engine and belt-to-tractor drives. 
Send for file of data by recognized authorities on value and 
use of sewage sludge for fertilizer. 








ROYER FOUNDRY & MACHINE CO. 


Kingston, Pa. 


Kenosha, Wis. Sewage Treatment 
Plant uses Model NSB-2 to shred, mix 
and aerate sludge for use as fertilizer 
and lawn top dressing in the city parks. 


Green Bay, Wis. Sewage Plant profits 
from the use of a Royer Sewage Sludge 
Disintegrator. 
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Model “SO”, gasoline engine driven, 
mixes and shreds soil and compost 
for Wilmington, Del. park system. 
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Royer Model NSB-4, electric powered, 
conditions sludge cake, loading shred- 


ded product directly into truck for 
Charlotte, N. C. Sewage Plant. 














































REDUCING COST OF SLUDGE REMOVAL 





Experiences at Aurora, Ill., with a “Saddle-Bag” Tractor 


By WALTER A. SPERRY, Superintendent 


The Aurora Sanitary District, 
Aurora, Illinois 


URING the summer of 1940 the Aurora Sanitary District 

constructed eight new sludge drying beds under a W. P. A. 
contract. This increased the sludge drying area from 50,000 to 
96,250 square feet, which gave 1.44 square feet per capita on 
the original design basis of 67,000 population and 1.96 square 
feet per capita on the basis of the present population of 49,000. 
This increase was desirable due to the frequency of winter 
cleans caused by increased loadings on the plant and the addition 
of secondary sludge to the digesters in 1937. 


Sludge Removal Methods Evaluated 


New drying bed construction involved the selection of a method 
for removing sludge. Two factors entered in. The first was the 
cost of trackage versus a more modern method of mechanical 
removal. The second revolved around the sponsor’s credit in the 
W. P. A. set-up for the disposal of some 3,500 cubic yards of 
excavation. If contractor’s equipment was hired to do this work 
it would cost more than if the sponsor had in hand dirt moving 
machinery where the only expense would be gasoline, motor oil 
and the operator’s wages. This led to the consideration of aban- 
doning tracks in all beds and substituting therefor the “saddle- 
bag” tractor originally planned by Mr. W. B. Walraven of 
Springfield, Ill., and described by him in an article, “A New 
Device for Handling Dried Sludge,’ in Water Works and 
Sewerage of February, 1934. General investigation indicated 
that this was, by far, the best device available. Some pressure 
was brought to bear to adopt a self-propelling bucket elevator 
to pick the sludge from the beds and discharge it to a following 
truck. Also it was urged to purchase a tractor with a yard 
shovel attachment in front, similarly working with a truck. 

These devices were not suitable, first, because of the damage 
to the sludge beds in attempting to pick up mechanically a thin 
layer of material from a relatively thin layer of sand without 
disturbing the gravel underneath; second, because of the bulk 
of the equipment and the cutting up of the beds by both the 
tractor and truck; third, a truck was not suited to<travel over 
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The Tractor Being Loaded During a Winter Cleaning Operation 
The hard, frozen sludge is first broken up by the “breaking gang,” and thereafter easily loaded into the 
fortable loading height of these side-bins. 


the sludge storage pile; fourth, all of these devices were ex- 
pensive and of no value for any work about the plant; and fifth, 
the required space for storage in the interim period was not 
available. 


Advantages of the Crawling Tractor 


The Springfield tractor, on the other hand, was self-contained. 
Equipped with caterpillar treads enabled it to travel over the 
sludge storage pile under quite adverse conditions, i.e., when wet 
and soft. 

Due to its ability to mount and crawl over the storage pile, 
the “saddle-bag” tractor appeared to be especially useful in 
making the most of limited storage areas. It has also proved’ 
useful for the disposal of grit from the screen house to the 
storage space. The machine can be equipped with a bull-dozer 
for snow problems in the winter, for trimming the sludge pile 
and for grading gravel roads or pulling stumps. The tractor 
required small storage space and has generally offered all the 
facilities of a man carrying two buckets where the load could 
be transported and deposited anywhere the feet could walk. 

Considering its adaptability and general usefulness, it seems 
surprising that but three of these machines are in use to date. 
The original one is at Springfield, the second at Mansfield, Ohio, 
and the third here at Aurora, III. 

Trackage for the new beds would have cost in the neighbor- 
hood of three thousand dollars ($3,000). The tractor equipped 
with the side bins cost two thousand, two hundred and sixty 
dollars ($2,260). Against this cost its temporary use as a con- 
struction unit in building the sludge drying beds saved the 
Aurora Sanitary District about sixteen hundred dollars ($1,600) 
over rented equipment for the construction period. 


The Unit 


The tractor (see cut) is an “M” type Allis-Chalmers cater- 
pillar type machine. It is driven by a 32.4 H.P. engine with four 
forward. speeds, is equipped with starter, and weighs 6,500 







“saddle bags.” Note the com- 














pounds. Equipped with the bins, it is about 8 feet long, 7 feet 
wide and 6 feet high over-all. The bins, which have a combined 
capacity of 3 cubic yards, add another 1,500 pounds. for a total 
weight of 8,000 pounds. It has a bearing of 1,530 square inches. 
With full bins this gives a pressure per square inch of from 7 
to 9.5 pounds, depending upon the moisture content of the sludge. 
The bins are constructed of 8 gauge metal and the whole device 
is of such strong and sturdy construction that its life will be 
many years. The original machine purchased in 1932-33 is still 
in use at Springfield and in good order. 


Performance Records 

Before purchase of the tractor, in the period July, 1939, io 
May, 1940, inclusive, 4,055 cubic yards of sludge were removed 
from the Aurora beds to the storage pile at a total cost of 
$2,095.51, or 5i.6c per cubic yard. The unit cost varied from 
30.6c to 67.7¢ per cubic yard, as between summer and winter 
conditions. For this period the standard crew then hired for 
the cleaning jobs consisted of a team at $10 per day and seven 
men at 45c per hour. This gave us a daily hired labor cost of 
$35.20. Experience showed that three 1 cubic yard cars, two 
men to a car, gave the right balance of work for the team and 
Fresno scraper used. 

The tractor was purchased and went into use in June, 1940. 
Between June, 1940, and March, 1941, inclusive, 4,933 cubic yards 
of sludge were removed to the pile at a total cost of $1,057.59, 
or 21.4c per cubic yard, to which should be added two cents per 
cubic yard for tractor oil and gasoline. The tractor crew con- 
sisted of four men at 45c per hour, or a total cost of $14.40 per 
day. This is a difference of $20.80 per day for hired labor 
between the two methods. Note that the gang foreman in the 





241 


first case is the tractor operator in the second case. He is a 
plant employe on the regular payroll and not included in either 
cost estimate. This indicates a saving of 54.8 per cent for the 
new method. 

At the time the tractor was purchased it was assumed that 
the saving would be in the cost of the track and the reduced 
price due to the temporary rental to the Government, and that 
the time of sludge removal might be extended since but four 
men were lifting sludge against six with the old method. The 
interesting surprise was that four men and the tractor do at 
least 90 per cent as much work as six men, due to the fact that 
the trip to the storage pile is but once for every 3 cubic yards, 
whereas, formerly each 1 cubic yard lot was pushed by car to 
the pile by its two man crew, with “waits” for any car ahead 
to clear switches. 

During interim periods the tractor is stored in the screen 
house and is used almost daily to remove grit. A bull-dozer blade 
is being planned for permanent mounting for clearing snow from 
the plant driveways, trimming the storage pile, and for main- 
tenance of the gravel roadways. 


Two Minor Objections Appear 


Two minor objections to the tractor are that a little more 
care must be taken to keep the sludge beds well sanded against 
the disturbing effect of the tractor cleats. The second objection 
developed this winter when it was discovered that the physical 
condition of the operator was affected due to shock and jar 
caused by the frozen state of the ground. Happily this was 
satisfactorily corrected by the purchase and use of a wide leather 
belt such as is used by motorcyclists and truck drivers to support 
the abdominal region. 





INSTRUCTIVE WALL PANEL FOR TREATMENT PLANTS 
A Picturized Operating Chart with Specimens Attached 


T the Sewage Treatment Plant at Aurora, Illinois, the visitor 
runs smack into this wall panel designed by Walter A. 
Sperry, Plant Supt. 


The sign reads—“Before inspecting the plant stop here long 
enough to see how it works. But 15 minutes is required to read 
all captions.” 


We are reproducing this picture of Aurora’s instructive chart 
because it seems an ideal method of giving the visitor a preview 


of what he is to see in looking over the works. Further than that, 
it is used frequently for the purpose of instructing school classes, 
Boy Scouts and Girl Scouts who visit the plant. 

Photographs are used to show the relationships of each plant 
unit to the other and its functions are indicated by live specimens 
of crude, settled, filter effluent and final plant discharge in Imhoff 
Cones. Samples of sludge “before and after” are exhibited and 
also petri dishes showing what happens to the bacteria. The 
whole thing is a great idea and, what’s more, saves many words. 




















A PICTURED OPERATING CHART. - 


BEFORE YOU VISIT THIS PLANT-STOP HERE AND SEE JUST HOw IT WORKS. _ 
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A VACUUM FILTER DRESSING RIG 





Saves Cloth, Wire and Time 
By W. D. SHEETS, Shift Supervisor of Operation 


Sewaye Treatment Works, Columbus, Ohio 


NE of the greatest time-consuming operations in connection 

with sewage sludge dewatering by use of vacuum filters is 
that of dressing the filters. By “dressing’’ is meant the removal 
of the spirally wound holding wire and spent cloth for replace- 
ment with new cloth. 

Filter cloth in this type of service is subjected to severe oper- 
ating conditions, resulting in a relatively short life requiring 
frequent replacement. Conditioning sludge with ferric chloride 
and lime causes deposition of calcium salts and other insoluble 
compounds in the interstices of the cloth. Although such choked 
cloths may be rejuvenated by dry scrubbing or by giving a 
dilute hydrochloric acid bath in place (3% acid or less), the 
fibers eventually break down from the acid and acid insoluble 
compounds prevent further treatment. Even ferric chloride 
when used alone has a similar effect, the deposits consisting of 
iron compounds which are unaffected by the acid bath. 

The total filter installation at Columbus consists of four 8 ft. 
by 12 ft. filters having an area of 300 sq. ft. each. Individual 
cloths are approximately 13 ft. by 25 ft., a size that is bulky 
and cumbersome. 

When operations were started at Columbus, a wiring rig of 
4x4’s, such as described in the manufacturers’ instructions, was 
constructed and used with individual cloths for some time. This 
was extremely heavy and very hard to anchor properly, requiring 
constant attention to keep it at the correct angle with respect to 
the filter drum. 


An Improved Rig Developed 


A study of the situation was made and the following improve- 
ments were believed possible by the design of new apparatus: 

(1) Storage and handling of a cnotinuous roll of cloth to 
eliminate from 1 to 2 feet of waste at each change. 

(2) To facilitate the removal of the old wire and to assist in 
the reapplication of the same wire. 


(3) Maintain the proper tension in the wire when rewinding. 

(4) Satisfactorily braced while in use without requiring a 
release of the anchorage when correcting for direction of wire 
pull. 

(5) Ease of transportation from one filter to another. 


A sketch of the proposed apparatus was made and turned over 
to our machine shop. Requiring approximately 30 man hours 


to build it, the mechanism was turned out in record time at an 
exceptionally low cost. 

The accompanying photograph shows the wiring rig in posi- 
tion and illustrates the manner in which the cloth is applied to 
the filter. A single cloth was used in this photograph to show 
the comparative capacity of the rig when a full bolt is in place, 

Not shown in the photograph, or drawing, is a hand-operated 
lever put to use when rewinding the old wire. This lever guides 
the wire into position on the reel (center of rig) and prevents 
pyramiding. Such pyramiding results in subsequent collapse and 
loss of tension when rewiring. This lever is mounted on the 
angle iron member seen just above the wire reel. It moves hack 
and forth in a horizontal plane when in use. 


Results Attained 


With respect to the improvements listed above the correspond- 
ing results were as follows: 

(1) Cloth is now purchased in sections having a width of 
12 ft. 8 in. and 152 ft. in length. This length is sufficient for 
six coverings. 

(2) Since the wire used is monel-metal, and subject to de- 
terioration only through wear, its careful removal from the drum 
and its re-use represents a saving of approximately 1200 feet of 
wire per re-covering. The only loss is a short section, from 
the filter drum to the reel on the rig, which is necessary to hold 
the tension on the entire winding until it has been anchored at 
the drum. 

(3) Any tension desired can be attained through the adjust- 
able brake drum on the reel. 

(4) Very rigid bracing resulted, and direction of wire pull 
is automatically corrected by a swivel pulley directly above the 
wire reel. 

(5) The apparatus can be disengaged, moved to another filter 
and attached ready for operation in 5 minutes. 

This rig is extremely adaptable and has cut the time of dress- 
ing from approximately 16 man hours to 6% man hours per 
filter. It has enabled the filter operators to change a cloth while 
attending to their regular operating routine. Several coats of 
aluminum paint have made it perfectly at home in its present 
surroundings and it has proved exceptionally satisfactory in all 
respects. 
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Sketch showing simplicity of construction of the Columbus rig. 


Lightness of weight and swivel casters make for easy handling. Note wire saving reel at center. 
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DOW FERRIC CHLORIDE 


60% erystals — 37-47% solution 


FOR SLUDGE CONDITIONING 
Minimum chemical and operating costs. 


Cuts dewatering equipment cost — increases 
performance. 


Gives higher filtration rate. 


FOR SEWAGE COAGULATION 
Greater removal of suspended solids. 
Lower 5-day B.O.D. 


Increased flexibility to meet peak loads and 
low stream flows. 


Economical effluent improvement. 


Reduction of hydrogen sulphide odors. 





FOR WATER TREATMENT 


Forms a compact, quick settling floc with com- / , a : s 
plete precipitation at any pH value above 5. Dow Ferric Chloride 37-47% Solution is shipped in 
Retains effectiveness in cold weather. tank cars. Ferric Chloride 60% Crystals are packed 
Effectively removes large quantities of color- in 300 lb. and 500 lb. heavy wooden barrels, permitting 
ing matter. Precipitates tannin compounds storage without deliquescence of the crystals. 

at pH of 5 or below. 

In conjunction with lime, removes iron and Dow Technical Service covering design and operating 
manganese. problems of sewage disposal plants is available upon 


Reduces taste and odor by removing H.S. request to engineers. 



















































117 Liberty Street 


BOSTON CHICAGO CINCINNATI 


INNIS, SPEIDEN & COMPANY 


CLEVELAND 





NEW YORK, N. Y. 


GLOVERSVILLE NEW YORK PHILADELPHIA 





Ferri-Cog 'S 4 cOncuiant FOR SEWAGE AND INDUSTRIAL WASTES 


The chemical treat- 

ment of sewage and 

industrial wastes is 

an effective and economical method of increasing the efficiency of 

the ordinary sedimentation plants. Such treatment requires but 

little plant construction or capital investment. It provides a high 

overload capacity and flexibility in proportioning to produce the 

degree of purification required. Seasonal loads are readily han- 
dled with the Ferric Chloride treatment. 


Ferric Chloride coagulates sewage and industrial wastes thus 
causing more rapid precipitation in sedimentation plants and 
faster filtering through vacuum filtration systems. It is most 
effective in the pretreatment of industrial wastes which offer 
change in characteristics almost hourly. 


Experience has shown that Ferric Chloride is also an economical 
coagulant for sewage and wide range of industrial wastes. 


FOR COAGULATING SEWAGE 
Ferric Chloride provides an inexpensive and efficient method of 
dealing with plant overloads, and reduces original plant invest- 


ment by increasing the capacity of the sedimenta- 


tion plant. 


Amount of Ferri-Clor to Be Used 


The accepted procedure in determining the dose of 
Ferric Chloride required to coagulate a given 
sewage is to set up “jar tests” with sewage to be 
tested. 2 qt. Mason Jars and stock solutions of 
Ferric Chloride and Lime, consisting of 10 grams 
per liter of distilled water, are used. Place one 
liter of sewage to be tested in each of several 
Mason Jars. Add to the sewage in each jar, suc- 
cessively larger doses of Ferric Chloride stock so- 
lution. Stir all samples thoroughly for several 





minutes and let stand for 1 hour. Observation of the several 
samples will determine the best dosage. If lime is required to 
provide sufficient alkalinity for satisfactory coagulation, follow 
the same procedure outlined for Ferric Chloride. The amount in 
Ibs. of Ferric Chloride or Lime required equals the number of 
C.c. ry in the selected test x 10 x total sewage flow (m.g.d.) 
“ Bao 


FOR SLUDGE CONDITIONING 


Ferric Chloride is accepted as the agent most efficient from the 
standpoint of performance and cost for the coagulation of sludge 
prior to its dewatering in the filter. 


Amount of Ferric Chloride to Be Used 


Using the Buchner Funnel Test, the time periods required for 
the vacuum to break with varying quantities of coagulant are 
recorded. 2 to 3 minutes is satisfactory and 1 to 1% minutes is 
very good and should be used for plants where the sludge is 
held as in batch-mixing. 


Various combinations of Ferric Chloride and Lime should be 
tested until the relative quantities for optimum 
operation are determined. 


The approximate quantities of chemical to be used 
in the plant can be determined from the laboratory 
tests, provided, of course, that the same strength 
chemicals are used in the plant. The quantity of 
Ferric Chloride solution in gallons per 1000 gal- 
lons of sludge will be 5 times the c.c. used per 200 
c.c.o£-sludge in the test. Likewise, the quantity 
of Lime in pounds per 1000 gallons of sludge will 
be 42 times the grams used per 200 c.c. of sludge. 


PREPARATION OF FERRIC CHLORIDE SOLUTION 


The main difficulty in dissolving Ferric Chloride arises from the 
fact that the saturated solution is heavier than water. This means 
that the liquid in a simple container may have a layer of pure 
water at the top, even with undissolved crystals at the bottom. 
lo overcome this difficulty, three methods have been developed. 


1. Automatic gravity circulation by placing the salt on a wooden grid 
elevated or suspended one-half way in the tank. 
2. Mechanical mixing by (a) stirring, (b) by 
liquid recirculation. 

3. Melting: Ferric Chloride melts at 98.6 to 102.2°F. and so can readily 
be liquefied by relatively small amounts of heat from exhaust or live 
stam, flue gases, oil, gas or electricity. The dissolved salts can be poured 
into the water. 


air agitation, and (c) 


Fe rr-C, 43 Or is ISCO’s registered name for Ferric Chloride developed and 
————_——_——_— manufactured especially for Sewage and Water Treatment use. 


60% (FeCl) 





ISCO Ferric Chloride is used in America’s newest and most modern sewage treatment plants. 




















FERRIC CHLORIDE 


Practical Aspects of Storing and Handling 


By L. L. HEDGEPETH and J. M. POTTER 
Technical Service Dept., Pennsylvania Salt Mfg. Co., Philadelphia, Pa. 


The steady advance in the utilization of chemicals in sewage 
treatment has created an increasing interest among engineers and 
municipal officials in the problems involved in their use. 

The object of this article is to supply a concise outline of the 
more significant properties of ferric chloride and effective meth- 
ods of handling and storing it. 

At this time there are three commercial forms of ferric chloride 
available: 

1. Liquor—An aqueous solution which is prepared to contain 
between 39 and 45 per cent FeCl, by weight to meet exact speci- 
fications. 

2. Crystals—A definite crystal of the formula FeCl;.6H:O 
containing 60 per cent FeCl. by weight. 


FZPEIC CHLORIDE 
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Solubility of Ferric Chloride at Varying Temperatures. Note 
that a 45 Per Cent Solution will Crystallize at About 52 De- 
grees F.; a 33 Per Cent at Zero. 


3. Anhydrous—A complete water-free form containing 98 per 
cent or more FeCl; by weight. 


Liquid Ferric Chloride 


Commercial ferric chloride liquor is a dark brown, somewhat 
oily appearing aqueous solution of varying concentrations. Ob- 
viously for the lowest transportation cost, the FeCl content of 
these solutions should be as high as possible but concentrations 
are limited by crystallizing temperature conditions during transit 
or storage. To prevent crystallization the strength of solutions 
usually varies from 45 per cent in midsummer to 39 per cent 
FeCl; in midwinter. Average concentration of shipments over 
a period of several years has been 42 per cent. 

Shipments are made in rubber-lined tank cars holding 8,000 
gallons and averaging 40,000 pounds of dissolved FeCl, per car. 
The dome of the tank car is equipped with sump and center 
level discharges, a filling and air pressure pipe with gauge con- 
nection and a rubber disk safety valve which relieves at gauge 
pressures exceeding 25 pounds. The car is unloaded by attach- 
ing a rubber hose to the discharge connection and siphoning in 
case of low level storage tanks or by applying air pressure up 
to 25 pounds where a lift is required. 

The maximum lift by air ejection is limited to 40 ft. If higher 
lifts are necessary a suitable pump should be provided. 

Ferric chloride liquor (referred to in the trade as liquid ferric 
chloride) is easily handled and is usually the most economical 
form for use by the large consumer, who is reasonably near a 
source of supply. However, it has the disadvantage of requiring 
transportation costs on its 58 per cent (average) water content, 
railroad siding facilities, and storage tanks for one or more cars. 


Storage Tanks 


Except for its strongly corrosive nature, ferric chloride liquor 
offers no storage hazard, the only storage problem being pro- 
vision of sufficiently large ferric chloride resistant tanks to store 
one or more carloads. Ten thousand gallons should be the mini- 
mum storage capacity for plants using tank cars of ferric chloride. 
Wood, reinforced concrete, or steel tanks lined with rubber with 
all exposed exterior surfaces painted with a ferric chloride re- 
sistant paint are the ideal containers. Covered tanks need not 
be sheltered but, in the case of unsheltered tanks, the strong 
liquor received during warm weather should be diluted in the 
storage tanks during the colder months to prevent crystallization. 
If possible, storage tanks should be elevated to permit the liquor 
to flow by gravity to dilution tanks or feeders, thereby confin- 
ing all pumping to the simple air lift unloading operatioy ‘--~- 
the car. 

The concentrated ferric chloride solution taken from storage 
is preferably diluted to a 2 or 3 per cent solution when applied 
hy one of the methods noted later in this article under “Feedie~ 
Equipment.” Rubber-lined wood tanks under cover ser’~ ‘> 
Sewage Treatment Works of Milwaukee. 


Crystal Ferric Chloride 


Crystal ferric chloride is the oldest commercial form. As in- 
dicated in the accompanying graph, four hydrated crystals of 
ferric chloride can be formed; but, only the dodecahydrate, 
Fe.Cle.12H:0, (commonly written FeCls.6H:0) is now commer- 
cially available. This material contains 60 per cent FeCl, by 
weight, is in the form of large yellow or brown lumps, has a 
melting point of 98.6° F., is slowly soluble in water at average 
tap temperatures, and is moderately hygroscopic. 

The crystals are marketed in non-returnable, hardwood, par- 
affine-lined barrels of 55 gallons’ capacity, which contain approxi- 
mately 435 pounds of material. To prevent melting, and possi- 
ble leakage, it is advisable to store barrels in single tiers under 
dry conditions at temperatures below 98.6° F. The storage space 
required is approximately 70 square feet per ton of FeCl,. 

Equipment for preparation of solutions and feeding crystal fer- 
ric chloride will be discussed in connection with anhydrous ferric 
chloride solutions, because of the close similarity of each. 


Anhydrous Ferric Chloride 


Anhydrous ferric chloride occurs rarely in nature, possibly the 
only source being the lava of Vesuvius. It takes the form of 
small greenish-black crystals with a melting point of 577.4° F., 
and is extremely hygroscopic, being readily soluble in water to 
45 per cent concentrations at room temperatures above 55 de- 
grees. The solubility curve for crystal ferric-chloride applies 
also to the anhydrous salt. 


At present, the anhydrous form is being shipped in non-return- 
able steel drums holding 150 pounds of material. The drums, 
15% inches in diameter by 20 in height and weighing 10 pounds, 
are fitted with a 9-inch air-tight gasket and lid held in place by 
4 screw bolts. These drums are convenient packages which may 
be stacked and stored indefinitely without deterioration. Stor- 
age space required is approximately 40 cubic feet per ton of 
FeCl; 

Anhydrous ferric chloride has a decided advantage over the 
other forms by reducing transportation costs and storage space 
requirements 40 per cent or more. In addition, waste by leakage 
or deterioration is eliminated. 


Preparation of Solution, Feed Methods 
And Equipment 


The hygroscopic character of ferric chloride prohibits the use 
of dry feeds. The corrosive nature of solutions prevents the use 
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Sketch of Trouble Free Equipment and Method of Dissolving, 
Diluting and Feeding Ferric Chloride. 


of ordinary piping and feeding equipment. A 20 per cent ferric 
chloride solution rapidly attacks the common metals and aehy- 
drates wood, causing it to warp and shrink. Wood, or reinforced 
concrete, resists the action of weak solutions since excessive 
hydrolysis forms a protective hydrate coating. Equipment made 
of, or lined with, rubber, glass, Bakelite, or ceramic material, or 
the resistant metals such as Durichlor, or Hastelloy “C,” will 
resist all concentrations of ferric chloride at normal tempera- 
tures. Rubber, glass, or ceramic materials may require addi- 
tional protection against mechanical abrasion, or heat variation. 

Feeding apparatus may vary from a simple solution tank with 
constant head orifice box to a modern “electric eye” controllec 
installation such as that used at the Chicago Sanitary District. 
The ideal and foolproof method of feeding involves 3 distinct 
steps: (1) Solution, (2) Dilution, (3) Application. 


Dissolving Tanks 


Solution tanks are necessary for dissolving either the crystal 
or anhydrous ferric chloride. Concentrations of less than 40) 
per cent are recommended to prevent crystallization and, in the 
case of anhydrous ferric chloride, high temperatures at the time 
of preparing the strong solution. 

Solution strengths should be determined by adding a weighed 
quantity of ferric chloride to a definite volume of water as 
hydrometer measurements have proved to be unreliable. The 
tank should be at least partly filled with water before adding 
anhydrous ferric chloride to prevent the formation of the slowly 
soluble higher crystals and if the total contents of a drum are 
not added at one time the lid should be tightly replaced. Solu- 
tion tanks of steel, reinforced concrete, or wood, lined with rub- 
ber and faced with acid-proof brick and cement, and of sufficient 
size to dissolve a 12 hour supply ¢! ferric chloride, are prefer- 
able. A material rack, or compari aent, and mechanical means 
of agitation are desirable features. Here illustrated is such a 
tank in connection with a pump which serves the dual purpose 
of agitating and lifting the concentrated liquor to the dilution 





tank above. The solution may be raised to the dilution tank by 
a vacuum lift if prepared. 


Dilution Tanks 


Dilution tanks are advisable for preparing and supplying uni- 
form solutions to feeders. Concentrated solutions are diluted 
to 3 or 4 per cent FeCl; by adding gauged volumes of water and 
liquor. Experience indicates that stronger than 5 per cent solu- 
tions exhibit intense localized reaction on application and solu- 
tions weaker than 2 per cent may be appreciably hydrolyzed, 
especially by diluting waters of high alkalinity. Dilution tanks 
may be similar in construction to solution tanks without the acid- 
proof brick facing. Reinforced concrete tanks painted with a 
ferric chloride resistant paint, or large stoneware crocks are 
suitable. Other desirable features would include a mechanical 
stirrer, a graduated gauge rod, or glass, and a capacity for at 
least 4 hours’ supply of solution. A tank with the depth exceed- 
ing other dimensions is preferable for more accurate gauging. 


Solution Feeder 


A positive displacement or a variable siphon head type of solu- 
tion feeder is recommended for applying ferric chloride solutions. 
Several such corrosion resistant feeders, which have entirely cor- 
rected the uncertain performance peculiar to the old orifice type 
feeder, are on the market today. These feeders may be either 
manually or automatically regulated. Space does not permit even 
a limited discussion of all such feeders but following is a list of 
manufacturers: Galigher Company, Salt Lake City, Utah; Hiils- 
McCanna Co., Chicago; Omega Machine Co., Kansas City, 
Mo.; Phipps & Bird, Inc., Richmond, Va.; Proportioneers, Inc., 
Providence, R. I.; Wallace & Tiernan, Inc., Newark, N. J. 

Obviously, a gravity flow from solution tank to the final point 
of application is the ideal feeding arrangement. When lifting is 
necessary, any method which employs ferric chloride resistant 
materials may be used. Rubber-lined or hard rubber pumps, 
pipe and fittings are satisfactory for handling ferric chloride 
solutions at normal temperatures. Equipment made of Durichlor, 
or Hastelloy “C” is recommended for hot solutions. 

For simple coagulation of sewages with ferric chloride, water 
purification practice for flocculation and sedimentation will give 
the best results. For sludge conditioning rapid agitation for 5 
or 6 minutes followed by continuous filtration is preferable to 
the batch method. | 








Ferric Chloride Service Tank—Rubber Lined. Note Hose Con- 
nections and Hills-McCanna Co.’s “Saunders” Pinch-type Dia- 
phragm Valves for Corrosive Liquids 











SLUDGE INCINERATION 


A Review of Modern Developments and the Status of the Practice 


By E. T. KILLAM 
Consulting Engr., New York, N.Y. 


Developments in treatment plant equipment during recent years 
have demonstrated the feasibility of treating sewage essentially 
without, nuisance—in, or adjacent to, closely built up areas. The 
economic advantages of elimination of long interceptors, and the 
prevention of detericration of sewage quality prior to treatment 
by reducing detention time in interceptors, frequently establishes 
the desirability of constructing plants relatively close to centers 
of population instead of at remote locations, essential with some 
of the older types of plants. The increased importance of satis- 
factory sludge handling under such conditions has, among other 
factors, stimulated interest in sludge destruction by burning. 


Methods of Sludge Drying and Incineration 


Methods of drying and incineration of sewage sludge may be 
summarized as follows: : 


(A) Drying (For Fertilizer) 


(1) Without Preliminary Dewatering 
(a) By Spray Dryer, such as at Plainfield, N. J. 
(2) With Preliminary Dewatering on Sand Drying Beds 
(a) By Rotary Dryers at Grand Rapids, Mich., 
and Dayton, Ohio 
(3) With Preliminary Dewatering on Vacuum Filters 
(a) By Rotary Dryers at Milwaukee, Wis.; Pasa- 
dena, Calif.; Houston, Texas 
(B) Complete Incineration 


(1) After Dewatering on Sand Beds 
(a) By Incineration in garbage-rubbish type in- 
cinerator of conventional design, contemplated 
or tried at a few plants with no known case of 
routine operation 
(2) After Dewatering on Vacuum Filters 
(a) By Multiple Hearth Type Units for drying 
and incineration in one-step 
(b) By Flash Dryer and Pulverized Fuel Type 
Incinerators, including drying followed by op- 
tional incmeration 
(C) Complete Incineration of Screenings 


(1) After Partial Dewatering in Ro‘l Press 
(a) In Hand Stoked Modified Garbage and Rub- 
bish Type Incinerators, at Los Angeles “Hy- 
perion” plant since 1934, and at Westchester 
County Sanitary District Plants since 1930 
(2) After Partial! Dewatering in Centrifugal Machines 
(a) At Milwaukee in hand stoked modified gar- 
bage and rubbish type incinerators 
(b) At Milwaukee and Niagara Falls in multiple 
hearth type mechanically stoked—since 1937. 


In addition to the foregoing applications of drying and in- 
cineration of sewage sludge and screenings, equipment now avail- 
able offers a variety of special combinations deserving considera- 
tion in certain cases, and depending upon local conditions. Of 
particular interest are the possibilities in the combined disposal 
by incineration of garbage, rubbish, and sewage solids. 


It is well recognized that the properly designed and well 
operated garbage and rubbish incinerator of today, will, under 
normal conditions, produce a substantial volume of excess heat. 


There are notable examples of effective utilization of waste 
heat from garbage incineration in producing steam and power. 
The production of power, however, creates certain demands which 
must be considered in design and operation, and economical 
power production will for some time be limited to plants of 
substantial size. 

An alternate use of such excess heat from garbage incinera- 
tion (namely, as a means to drive off sufficient moisture from 
the sewage solids to make the sludge combustible without pur- 
chased auxiliary fuel) affords an interesting application of com- 
bined disposal. 


Incineration and drying of sewage solids has doubtless been 


retarded due to the recognized item of operating cost, for driving 
off the moisture in the upper range of moisture content. If 
heat which would otherwise go up the incinerator stack may be 
utilized for this purpose, a consequent substantial reduction in 
operating cost is effected. This saving, combined with other ob- 
vious advantages, in many locations, of constructing the sewage 
disposal and garbage incineration plants at a common site, should 
make combined wastes incineration worthy of consideration in 
numerous instances, and the scope of applicability of incineration 
of sludge will, thereby, be substantially widened. 

Inasmuch as the recent installations have been of the multiple 
hearth type, or the flash dryer and incineration type, these 
methods will be further discussed in brief. 


Multiple Hearth Type Incineration 


In 1934 the multiple hearth type incinerator, developed in the 
mining industry for roasting copper ore, was first applied to the 
incineration of sewage sludge at Dearborn, Michigan. In this, 
as in later installations, sludge is partially dewatered on vacuum 
filters prior to incineration. 


The multiple hearth incinerator consists of a refractory lined 
circular steel jacketed unit, with as many hearths as may be 
indicated for the specific installation. Rotating plows on each 
hearth, driven by a vertical hollow air-cooled central shaft, con- 
stantly agitate and plow the material during drying and burning. 
The material drops through staggered openings in each hearth, 
to the next hearth below, being finally discharged from the 
bottom hearth in the form of an inert ash. 


Multiple hearth installations normally include a blower for 
producing a supply of cooling air for the hollow shaft and re- 
volving arms, a motor for driving the rabble arms, a rotating 
motor driven ‘feeder, oil burner installation, and temperature con- 
trol equipment. 


In several cases preheaters have been included in the layout. 
The economic justification for a preheater, by means of which 
waste gases are utilized to heat the air supply to approximately 
900 degrees F., depends upon the plant size, contemplated daily 
duration of operating period, and character and moisture of 
sludge to be burned. 

The planned range of temperature at the furnace exit is ap- 
proximately 1100 to 1300 degrees F. under normal option oper- 
ating conditions. 

Beginning with the notable pioneering installation at Dearborn, 
Michigan, in 1934, numerous installations of the multiple hearth 
type incinerator have been undertaken. Recent reports indicate 
that equipment of this type has been, or is being installed, in 21 
or more plants at this writing. 

Installations at various plants to date vary in size from a 
single 9 ft. 3 in. diameter unit of four hearths, to the largest 
installation at Detroit, where four 22 ft. 3 in. diameter, 12-hearth 
units have been installed. It thus appears that America’s largest 
Multiple Hearth Furnace installation is approximately seventy 
times the size of the smallest installation. 


The original Dearborn incinerator handles mixed raw chemical 
and digested Imhoff sludge, the quality of which is indicated by 
the fact that the long term average volatile content of the cake 
fed to the incinerator was 46.6 per cent. 

Subsequent installations have been in plants which will produce 
sludge of widely varying characteristics, including the following: 


(a) Raw Primary 

(b) Raw Chemical 

(c) Digested Primary 

(d) Raw Activated 

(e) Digested Activated 

Several units have been purchased for incineration of fine 

screenings and 5 units have been installed with the expressed in- 
tention of handling ground garbage along with the sludge. 
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The C. E. Raymond System of Flash Drying and Incineration. 

(This System Makes Permissible Complete Sludge Incineration 

or a Partial Diversion for Use as Fertilizer. Another Lilustration 
Shows the Cyclone End of the Raymond System in Service.) 


Flash Drying and Incineration 


Flash drying and incineration of sewage sludge was first under- 
taken on a large scale at the West Side Plant of The Chicago 
Sanitary District in 1933. 

This type of equipment involves incineration in two stages-— 
or in other words the drying of the solids to approximately 10 
per cent moisture, followed by incineration of the dried material. 

The filter cake, with a normal moisture of 75 to 85 per cent, 
is mechanically mixed with sufficient dried material to develop 
proper consistency for drying in the flash dryer. Hot gases and 
this mixture drop into the flash dryer, are violently agitated, 
and the dried material and vapors are discharged into a cyclone 
collector. The dried material—approximately 10 per cent mois- 
ture—is mechanically divided, a portion being returned to the 
mixer for blending with the wet filter cake. The balance, or 
excess, is sent to storage for fertilizer or to a pulverized fuel 
type of incinerator for destruction, as the case demands. The 
vent vapors are likewise discharged to the incinerator. 

The average design temperature in the dryer is 1100 to 1300 
deg. F., and the temperature of the vent vapors varies from 
approximately 200 to 300 degrees. 

The initial installation—at Chicago’s West Side Plant, was 
designed to dry and incinerate raw activated sludge filter cake at 
80 to 85 per cent moisture. The rated capacity is 2,000 pounds 
net dry solids per hour or 8,000 pounds of water evaporation 
per hour. 

Basing the design upon the performance of this unit, equip- 
ment was installed at the Calumet Plant of the Chicago Sanitary 
District and placed in operation in 1935. Three units—each 
with a capacity of 6,000 pounds net dry solids per hour, or 
24,000 pounds of water evaporation per hour, were included. The 
sludge handled consisted of raw activated filter cake—with small 
amounts of grit and heavy primary solids from 20 minute deten- 
tion primary tanks. 

In November, 1937, this same type of equipment was placed 
in service at Neenah-Menasha, Wisconsin, with a capacity of 
0.75 tons dry solids per hour, or 3,500 pounds of water evapora- 
tion per hour. The sludge at this plant will at times be digested 
—primary sludge, and at other times will be chemical sludge. A 
large proportion of paper mill wastes—with high clay content, 
has at times developed sludge as low as 35 per cent in volatile 
content. 

Similar equipment is now being installed at Buffalo, New 
York, for incineration of partially digested primary sludge. This 
plant includes three units each, with a capacity of 5,000 pounds 
per hour evaporation. 

The largest installation of flash drying equipment is in Chi- 
cago’s notable South West Activated Sludge Plant, where four 
units—each served by two drying units, with the latter having 
an evaporation capacity of 20,000 pounds each per hour, are 
being installed. In this installation power will be generated from 
combustion of the pulverant dried sludge, with the assistance of 









auxiliary powdered coal. In this single plant with a total 
evaporation capacity of 40 tons per hour, combustion engineering 
has attained a real goal in sewerage practice in America. 

The first installation under contract locally, is at Tenafly 
N. J., where a small single unit of the drying apparatus, with 
an evaporation capacity of approximately 0.35 tons per hour, is 
to be installed, for drying raw activated sludge filter cake and 
fine screenings, preparatory to the burning of the dried materia] 
with garbage and rubbish in open hearth incinerator of convyen- 
tional design. 


Summary 


In summary, sludge disposal by drying or incineration has 
constituted one of the most active phases of development, in the 
past few years, in the field of sewage treatment. 


While operating data and operating costs for a variety of 
installations will soon be available, it can be safely stated that 
careful consideration of the local conditions in each municipality 
will be necessary in order to approach the most economical solu- 
tion of the problem. 


The variables affecting alternate methods of sludge disposal 
vary no less than the wide range of requirements for degree of 
sewage treatment. In this way, it would appear that a careful 
analysis of the problem prior to final selection of the method of 
sludge disposal, will necessitate thorough consideration of the 
variables involved. 


The characteristics of the sludge and moisture and combustibles 
content vary widely, depending upon the type of treatment from 
which the sludge originates. The volatile content of various 
sludges may vary to as wide a range as from 30 per cent of the 
total dry solids, to 80 per cent, or even higher. While a heat 
value of 10,000 B.t.u. per pound of dry volatile matter has fre- 
quently been used in computation, additional experience indicates 
wide variations in B.t.u. content per pound of combustibles. 

The demonstrated performance in sludge incineration during 
the past few years, however, has placed this much needed facility 
in an important position as a method of sludge disposal. The 
above variables mentioned will not, it is believed, be of sufficient 
importance to jeopardize the success of the method, but will 
affect merely the economic advantages of one method or type of 
incinerator over another, where incineration is indicated as the 
preferred method. 
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COMPLETE DISPOSAL BY INCINERATION 


% INCINERATION OF SEWAGE SLUDGE FILTER CAKE. 

% INCINERATION OF THICKENED LIQUID SEWAGE SLUDGE. 

% INCINERATION OF GROUND GARBAGE. 

% INCINERATION OF FILTER CAKE OR LIQUID SLUDGE WITH GROUND GARBAGE. 
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Over 25 cities are now using 
Nichols Herreshoff Equipment. | Low power consumption, only 2 
Capacities range from 3 to over motors of low rating required for Hl 
1,200 tons wet feed per day. | | incinerator. ] 
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WHITE FOR BULETIN NO. 210, illustrating and describing the 


many advantages of Nichols Herreshoff Incinerators. 


















Nichols Refuse Incinerators of advanced design are available for 
problems involving the disposal of municipal trash and garbage. 


SIMPLIFICATION OF SEWAGE PLANT DESIGN. 


Raw sludge to inert ash by incineration. 





Combined incineration of sludge and garbage means only: 
One capital investment. 
One operating staff. 

One incinerator to maintain. 





At Left: View of Nichols Herreshoff Incinerator at Ashland, Ohio. 
Undigested liquid sludge, resulting from primary sedimenta- 
tion and trickling filters is incinerated separately or to- 
gether with ground garbage. Garbage grinder is seen at 

left: incinerator at right. 











































- SEWAGE AND EFFLUENT ANALYSES 





The Significance and Interpretation of Results 
By DR. RICHARD POMEROY, Research Chemist 


Los Angeles County Sanitation Districts 
Los Angeles, Calif. 


ANY operating problems have been solved by laboratory 
tests, and those plants which have some laboratory control 
are usually better operated than similar plants where laboratory 
tests are not made. Increasing complexity of sewage treatment 
processes will cause the “laboratory tests to be of added impor- 
tance in the years ahead, and improvement of analytical methods 
will justify more confidence in the results of such tests. 
Criticism of laboratory tests from the standpoint of the opera- 
tor is chiefly due to four faults. The discussion which follows 
is designed to enable operators to avoid some of these faults, 
and to appreciate the proper significance of laboratory tests: 
Erroneous results due to improper sampling. 
Erroneous results due to improper test technique. 
Unwise selection of tests. 
Needless routine repetition of tests of little value. 


The Sampling Problem 


In order to avoid erroneous results, it is of course necessary 
that the operator learn how to carry out thésdaboratory proce- 
dures. The most important cause of error, however, is not in 
the laboratory procedure, but is in faulty sampling. Much time 
may be wasted in making careful laboratory analyses on samples 
which fail to correspond to the materials whieh they are sup- 
posed to represent. 


(1}—Crude Sewage 


Proper sampling of sewage influent to a treatment plant is 
difficult. Sewage varies in quality as well as quantity from hour 
to. hour, and a single grab sample of- raw sewage cannot be 
expected to give much information as to the average strength 
of the sewage throughout the day. Representative samples can 
be obtained only by compositing sub-samples taken at least hourly. 
The sub-samples must be composited in proportion to the flow. In 
plants where no one is in attendance at night, a few special sam- 
p'es should be taken of the sewage during the night, and from 
the test results a correction worked out which can be applied 
to the results obtained on daytime composites, to give approxi- 
mate 24-hour averages. 

Sampling of raw sewage is further complicated by the coarse- 
ness of part of the suspended matter, and by the lack of uni- 
formity of the sewage in various parts of a flow channel. This 
is of no importance for tests depending upon soluble matter, 
such as the alkalinity test, pH, etc., but for determinations of 
suspended solids, settleable solids, turbidity, and B.O.D., care 
must be exercised to secure a representative proportion of solids. 

When sewage is flowing at moderate velocity through a sewer 
or other channel, the heavier solids are rolled along and con- 
centrated near the bottom. Samples from such channels will at 
best be only approximations of true samples. If the sewage 
passes through pumps, comminutors, flocculators, or channels 
where there is agitation, satisfactory samples may be more likely 
secured at such places. 


(2}—Effluents 


The sampling of treatment plant effluents is less difficult than 
the sampling of raw sewage. Coarse material has been removed 
and in the case of effluents of trickling filter and activated sludge 
plants, hour to hour variations are smaller than with the raw 
sewage. Sub-samples for composites may be taken at 2-hour 
intervals instead of hourly. Bear in mind that the daytime sam- 
ples may give an entirely false picture of the average condition 
of the effluent. Much of the effluent which leaves the plant during 
the early part of the day may have been weak night sewage, and 
may have undergone prolonged treatment, so that it will be 
much lower in B.O.D. than the effluent leaving the plant during 
the evening hours. A few tests on samples taken around the 
clock will give a satisfactory indication of the strength of the 
effluent where routine sampling is possible only during part of 
the day. 
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Sample Preservation 


All sewage and effluent samples should be. preserved by icing 
in order to protect against bacterial changes in the sample 
bottle.* 

[*In this matter the reader should examine a valuable article 





by Hatfield and Phillips, “The Preservation of Sewage Samples,” 
which is to appear in an early issue following this one—Ed.] 
(3)—Sludges 

The sampling of primary sludge for measurement of the solids 
(or moisture) content is very difficult. Sub-samples must be 
drawn almost minute by minute when sludge is being pumped 
if a representative composite is to be secured. This is rarely 
practical. Solids determinations on raw sludges, when made on 
grab samples, are seldom representative. Determinations of the 
percentage of organic matter in the sludge solids (or per cent 
volatile) in contrast to the solids determinations, are generally 
satisfactory if any reasonable care is used in sampling. 

Activated and digested sludges are usually more uniform than 
primary sludge, and significant samples for moisture content may 
be secured with ordinary care. 

No set of. rules can be laid down for sampling at a sewage 
treatment plant. Each situation will have its own peculiarities 
and its own requirements. The operator wust be aware of the 
importance and the difficulties of securing representative samples, 
It is far better to take a few reliable samples than to spend much 
time analyzing samples which are not representative. 


Tests 
(Routine and Special) 


To avoid the faults of poorly chosen tests, and of wasted 
time on routine tests which are of slight value, the operator must 
know the purposes and significance of the various tests which 
he may choose for his own testing routine. Such knowledge will 
also enable him intelligently to read and discuss the results re- 
ported from other plants. 

Every p!ant should have a schedule of routine tests, and a 
repertoire of tests for use in special investigations. This schedule 
may include nothing more than visual observations, or it may 
require the services of a full-time chemist. It should include 
only tests which have a definite purpose. The purpose may be 
to gain information useful in operation of the plant; it may be 
to ascertain if the quality of the effluent is of suitable purity 
for ultimate disposal; it may be to assist in future design; or it 
may be to demonstrate to the city, district, or state authorities 
the accomplishments of the plant. But it never should be to fill 
blank spaces on sheets which will never again be used. The 
schedule should be flexible. If a test has been made routinely 
for some time, and is ceasing to show enough new information 
to be of definite value, then it should be taken less often, 
or dropped altogether, or replaced by another test. 

Following are the tests which may serve useful purposes in 
sewage treatment plants: 


(1}—Physical Tests 


Appearance and Odor: These are not laboratory tests at all, 
but they may be made easily and often tell so much that they 
should always be present in the operator’s report. If the sewage 
presents no unusual appearance, then the operator should make 
the practice of recording the word “normal,” or some equivalent. 
If he does this he will not forget to record the unusual condi- 
tions when they appear. The appearance frequently gives clues 
to industrial wastes, and may also indicate the condition of the 
sewage as regards septicity. “Odors” should include mention of 
hydrogen sulfide and any other odors likely to cause com- 
plaints. Also, odors of gasoline or dry-cleaning solvents should 
be particularly observed, as vapors of these materials in the 
sewers constitute a serious explosion hazard and should be 
eliminated. 

Temperature: The operator should know the temperature of 
his sewage, even though he can’t do anything about it. The 
information may be of value to the engineer or consultant. 
Routine temperature tests are not necessary; occasional tests 
taken regularly during the various seasons are sufficient to give 
the temperature history. 


(2)—pH, Alkalinity, Chlorides 


Determination of the pH values of sewage entering a treat- 
ment plant is properly recommended as a routine test in most 
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situations. It provides information which may be useful in ex- 
Jaining variations in plant behaviour, and is valuable in de- 
fecting industrial wastes. 7a | 

Alkalinity titrations may also be useful in locating industrial 
wastes and it provides a quantitative measure of the capacity of 
the sewage to receive acid wastes. Occasional alkalinity measure- 
ments are of value in many places, but the test is rarely of 
sufficient importance to be made a matter of routine. 

Chloride determinations have proved of value in special situa- 
tions, as for example in measurements of salt water infiltration 
and in tracing industrial wastes. 


(3}—Measures of Sewage "Condition" 


Sulfides. The measurement of sulfides in sewage is in many 
places a matter of great importance. In the majority of cities 
of California sulfides in the sewage are either a threat or a 
serious problem. In such places regular tests should be made 
for sulfides in the sewage reaching the treatment plant, or at 
various locations on the sewer system, to detect points at which 
septic action becomes of moment. Even a half part per million 
of dissolved volatile sulfides will cause odor nuisance, tarnish- 
ing of brass and paints, and slow disintegration of concrete 
in confined conditions. A record of sulfide tests will indicate 
whether the situation requires remedial measures. If somé con- 
trol measures must be taken, they may include: cleaning of the 
sewers, ventilation of the sewers, control of industrial wastes, 
treatment of sewage with metallic salts, or chlorination. What- 
ever control measures may be used, it is evident that regular 
sulfide tests are required as a measure of the adequacy of the 
control. 

A distinction must be made in sulfide tests between total sul- 
fides, dissolved sulfides, and hydrogen sulfide. Dissolved sulfides 
may be distinguished from the sulfides held in the suspended 
matter by removing the suspended matter with coagulants and 
analyzing the clear liquor. In ordinary sewage the concentration 
of total sulfides may be of the order of 0.5 p.p.m. before any 
appreciable concentration of dissolved sulfides will be present, 
but in sewage which has been treated with metallic salts for 
sulfide control the insoluble sulfides may have almost any value, 
since the purpose of the metallic salts is to convert dissolved 
sulfides to insoluble metal sulfides. Hydrogen sulfide, which is 
the direct cause of the trouble, is determined by calculation from 
the dissolved sulfides and the pH. [This method, developed by 
the author, is fully described on another page in this volume.— 
Ed.] 

The detection of hydrogen sulfide in the atmosphere by the 
use of lead acetate paper is extremely simple and may be a valu- 
able test. The paper darkens in the presence of traces of H.S. 
The operator can estimate the seriousness of the condition by 
the rapidity of blackening. [For a simple method see “The 
Determination of Hydrogen Sulphide’—by George Martin, on 
another page in this volume.—Ed. | 

Measures of sewage condition are concerned not only with 
septicity, as indicated by sulfides, but also with oxidized condi- 
tions attained by biological oxidation and by chlorination. Spe- 
cial tests for biologically oxidized effluents are discussed later 
under “Special Tests for Oxidization Plants.” 

Chlorine Residual. Determinations of chlorine residual are 
essential where chlorination is practiced. Ortho-tolidin is almost 
universally used for this purpose. All of the chlorine added to 
sewage in any ordinary case enters into combinations. Some of 
these combinations remove the chlorine completely from the field 
of action. Others hold the chlorine loosely, so that it may be 
released to react with other substances. The ortho-tolidin test 
also measures a part of this locsely-held chlorine. Less chlorine 
than is required to show a so-called residual may suffice to 
accomplish a high degree of sterilization, especially if the object 
is sulfide control, yet many microbes are not killed until the 
chlorine dosage is much higher than is required to show a 
residual. In the chlorination of crude and settled sewage the test 
must be looked upon as more qualitative than quantitative. The 
operator may distinguish between a “strong residual” and a 
“weak residual,” but numerical values in parts per million are 
generally of little significance. In the case of well-clarified 
sewage effluent the results may have quantitative value. With 
these limitations properly emphasized, we must still recognize 
the test to be very important for chlorination control. Bacterial 
tests, later discussed, likewise serve to measure efficiency of 
chlorination. 

Chlorine Demand tests are also useful in chlorination control. 
They show the amount of chlorine required to reach some ar- 
bitrary point, such as the starch-iodide end-point or the ortho- 
tolidin end-point. The test not only serves to determine chlorine 
requirements, but also may provide information as to the strength 





or the septicity of the sewage and may aid in evaluating the 
effect of industrial wastes. 


(4)—Measures of Sewage "Concentration" 
and Plant Efficiency 


Various tests have been devised to indicate the amount of 
pollution, or the “strength” or “concentration” of sewage or 
effluent. Since these tests may be used for comparisons of raw 
sewage and effluent, they may serve as measures of accomplish- 
ments of the plant. kore 

Settleable Solids. A simple and reliable test of efficiency for 
for plain sedimentation installations is the settleable .solids. deter- 
mination using Imhoff. cones:. If used as a matter of routine, 
this must be made on composited samples. 

Turbidity. The turbidity test is especially useful in deter- 
mining, the relative degree of clarification of effluents, and may 
be made to give a good approximation of the suspended solids 
content. 

Suspended Solids. A still more accurate test is the suspended 
solids determination, made by filtering through an asbestos or 
paper filter and-weighing the solids collected. What has been 
said previously about the difficulties of sampling raw sewage 
must be recalled here; .this difficulty frequently gives misleading 
results. Another source of error in this test arises from the fact 
that 5% to 10% of the suspended solids of sewage are so 
coarse that they must be rejected when a small sample is taken 
for filtering. Hence the result of the analysis is bound to be 
low even if the original sample is as representative as one can 
possibly hope for. Because of these errors suspended solids deter- 
minations cannot be used for more than approximate calculations 
of the weight of sludge expected to be removed by sedimentation. 

Volatile Solids. The proportions of organic or “volatile” mat- 
ter in the suspended solids is sometimes determined by igniting 
the filter and reweighing. This determination is too inaccurate 
and of too little interest in the case of ordinary sewage to be 
recommended for routine work. 

Dissolved Solids. Dissolved solids determinations are of some 
interest in biological oxidation processes, because these proc- 
esses remove some dissolved and colloidal matter. Total solids 
or dissolved solids determinations are necessary, if one wants 
information as to the solids removal in these processes. Because 
of the inherent inaccuracies of the test, one should not attach 
any significance to the day-to-day variations in the apparent 
dissolved solids removals; only averages of a week or a month 
are significant. 

The B.O.D. Test. The most widely used measure of the degree 
of purification is the B.O.D. test. This test is of great value, 
but does not have the absolute significance sometimes attributed 
to it. The results may vary according to the sample dilution 
employed, the oxygen concentration, the type of microbes pres- 
ent, the nature of the diluting water, and even the brand of 
distilled water used for making synthetic diluting water. The 
test is true because certain commercial distilled waters contain 
significant impurities. It is desirable to set at least two dilutions 
on each sample. If the test is made with care, the results are 
valuable in revealing day-to-day variations in the efficiency of a 
plant, and in comparing similar plants. It should not be used as 
a sole criterion for comparing plants of different types, nor 
should it be used uncritically for testing industrial wastes. 

Oxygen Consumed. The “oxygen consumed” test has been 
widely used in the past, and is still used in many places, espe- 
cially in England. It is used to measure sewage or effluertt 
concentration and has the advantage of yielding results quickly. 

Organic Carbon. The determination of organic carbon has also 
been proposed as a measure of sewage strength. This test has 
not yet come into extensive use, although results are obtained 
in a few hours. 

Ammonia and Organic Nitrogen may also be used to measure 
the relative concentrations of various sewages. 

Chlorine Demand, as previously stated, is an index of sewage 
quality or strength. It is a simple, quick test to make. 


(5)—Special Tests for Oxidation Plants 


Relative Stability. This test is in part a measure of the pollu- 
tion remaining in an effluent, and in part, a measure of the 
“condition” relative to the supply of oxygen. It is valuable as a 
comparative test if properly made, but the slightest air bubble 
in the bottle at any time during the incubation period invalidates 
the test. This source of error is common. 

Dissolved Oxygen. In dissolved oxygen determinations, special 
care is required in sampling. Samples should be dipped from the 
final clarifier or secondary sedimentation tank, rather than from 
a flume or pipe after the effluent has tumbled over a weir, and 
they must be put to test promptly after they are taken. The 
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D.O. content of the effluent gives valuable information to aid 
the operator in control of the plant. In activated sludge process, 
throughout the plant it is the most valuable of all control tests, 
except possibly the determination of sludge percentages by set- 
tling in graduated cylinders. The activated sludge process cannot 
function satisfactorily when the tanks become devoid of oxygen. 
An oxygen content in the final clarifier of 1 to 2 p.p.m. is suffi- 
cient. If the oxygen content in the final clarifier rises above 
4 p.p.m. the operator may cut down the air supply and thus 
conserve power. If the D.O. becomes too low, obviously the air 
supply should be increased. If the air supply cannot be increased, 
a deficiency of oxygen may be remedied by cutting down the 
circulating load of the activated sludge. It is better to have a low 
concentration of properly aerated sludge than to have a lot of 
semi-septic sludge. It often becomes desirable to measure the 
oxygen concentration at various points in the aeration tanks. 
When D.O. tests are made directly upon the mixed liquor of the 
aeration tanks, the result is only approximate, since the sludge 
consumes some oxygen after the chemicals are added. Such 
results are nevertheless valuable for control purposes. 

Nitrites and Nitrates. Well-oxidized effluents, whether from 
activated sludge or trickling filters, contain nitrites and nitrates, 
and the concentration of the adequacy of the treatment. 

Sludge Concentration and Density. Discussion of special tests 
for oxidation plants would not be complete without mention of 
the sludge concentration and density test, so important for con- 
trol purposes in activated sludge plants. This test is made by 
settling the mixed liquor in one liter cylinders. The operator 
must bear in mind that this test does not show the true solids 
concentration, since there is great variation in the settling prop- 
erties of different activated sludges. The actual sludge concen- 
tration can be determined only by measurements of suspended 
solids by weight. In activated sludge plants, dissolved oxygen 
determinations should always be used in conjunction with the 
sludge concentration tests. 


(6}—Sludge Analyses 

Solids Content (or Moisture Content). Sludge samples to be 
analyzed for solids content must be taken with great care, as 
mentioned previously. In the case of raw sludges, this test 
provides a basis for judging whether the sludge is being removed 
with a solids content as high as may be hoped for, and to de- 
termine the influence of variations in operation upon the con- 
centration of the sludge. In the case of primary sludge, an 
average solids content of 4% is generally adequate, although 
concentrations as high as 6% or 8% may be obtained. Activated 
sludge with 2% solids is considered satisfactory. Long detention 
of digested sludge will allow concentration to 10%, but if the 
sludge is to be dried on sand beds or field, there is small advan- 
tage in concentrating it to more than 5% solids. 

Per Cent Organic (or Per Cent Volatile). The principal 
use of the organic percentage determination on the sludges is 
for calculating the per cent destruction of the organic matter 
in the digestion process. The mineral matter in the sludge is 
practically enhanced in digestion, and hence the ratio of the 
organic matter to this mineral (ash) fraction of the sludge 
provides information on how much of the organic matter is 
converted to gas. Let us suppose that the raw sludge has 3 parts 
of organic matter to 1 part of ash (75% organic), and that 
after digestion it has 1% parts of organic to 1 part of ash 
(60% organic); since 3 parts of organic have been reduced to 
1% parts, this represents 50% destruction of the organic mat- 
ter, which may be considered to be satisfactory digestion. It 
must be borne in mind that the actual percentage organic in the 
digested sludge is not a measure of the digestion, since this fluc- 
tuates widely with variation in the composition of the new 
sludge. Rather, it is the per cent reduction of organic matter 
that is significant. In view of the large fluctuations which the 
composition of raw sludge is likely to show, it is evident that 
only long-time averages can be used for reliable calculations 
of the per cent disgestion. 

A further use of the determination of organic percentage of 
digested sludge is in judging its fertilizer value, since the fer- 
tilizer value is roughly proportional to the organic content. The 
nitrogen content of the dry (digested) sludge is approximately 
6% of the organic percentage. Thus, a sludge with 50% of 
organic matter may be expected to have about 3% of nitrogen. 

PH Values. Determinations of the pH of digesting sludge 
are of use if the sludge is being treated with lime to start diges- 
tion. They may also be of value in diagnosing trouble when the 
sludge is foul smelling and appears to be digesting poorly. The 
test does not have any value for routine purposes in digestion 
tanks which are functioning normally, and its widespread use to 
judge the completeness of digestion is not warranted. Complete- 
ness of digestion is only one of several factors which may 
influence the pH, and even when other variables do not enter in, 






the pH is not sensitive enough to the progress of normal diges- 
tion to be of value. The true pH of the liquor of digesting 
sludge is rarely above 7.4 and probably never above 7.6, yet 
values of 7.8, and even higher are often reported. 

[It is a fact that the carbon-dioxide contents of the digester 
gas is a more sensitive and dependable index of approaching 
conditions than the pH test can possibly reveal.—Ed.] 

Volatile Acids. If one wishes analytical measures of the com- 
pleteness of digestion which are more sensitive to short-time 
variations than is the per cent reduction of organic matter, 
then use may be made of the determination of volatile organic 
acids of ammonia in the sludge liquor, of the bicarbonate con- 
centration, or of alkalinity of the liquor. Determination of the 
volatile acids is of the greatest value. In the early stages of 
digestion the acid concentration reaches high figures. Subse- 
quently these acids are destroyed. When their concentration drops 
below 200 p.p.m. the sludge can be dried without odor nuisance 
or the breeding of flies regardless of the extent of digestion of 
other organic matter. 

Ammonia concentration measures the extent of digestion of 
the proteins of the sludge. 

Bicarbonate concentration in the sludge liquor is determined 
principally by the difference between the organic acids on the 
one hand and ammonia on the other. The bicarbonate in turn 
is the essential factor controlling the pH. The relative accuracy 
with which the bicarbonate concentration can be determined is 
a hundred times as great as the corresponding accuracy of the 
pH test, and the test is quite simple. 

Alkalinity of the sludge liquor is even simpler to determine 
than the bicarbonate test, and gives almost the same result as the 
bicarbonate test, if the sludge is reasonably advanced in digestion. 

In view of these facts, it is desirable for operators of small 
plants to make pH tests of the digesting sludge only when it is 
of foul odor and digesting poorly, and under other conditions 
to make occasional determinations of bicarbonate or alkalinity. 
In large plants it is desirable that occasional or routine tests 
be made for volatile acids, ammonia, and bicarbonate, and when 
this data is available the pH test of sludge can be abandoned 
entirely. 

A frequent question is, “What is the relation of pH to foam- 
ing?” The answer is that, with one exception, there is no cor- 
relation known between pH and foaming. The exception is, 
when the acid content of the sludge is very high and the pH 
consequently low (below 6.8), and gas production is low, a 
subsequent acceleration of digestion will generally be accom- 
panied by foaming. This is the condition usually experienced 
when a tank is placed in service without seed sludge. Foaming 
which occurs under other conditions apparently is not related to 
the pH, or to any other simple measure of the condition of the 
sludge liquor. 


(7)—Bacterial Tests 

Bacterial counts on raw sewage are enormous, and are very 
high on all effluents except those which are well clarified and 
then chlorinated. The bacterial tests are ordinarily made only 
on such effluents, or along streams or bodies of water into which 
effluents are discharged. The two commonest tests in this class 
are the so-called “total count” on agar plates, and the coli- 
aerogenes test. The first of these tests gives the total number 
of bacteria which are able to grow into colonies in plates of nu- 
trient agar. The result does not represent the total number of 
bacteria in the sample, for the nutrient agar will support the 
growth of only a minor fraction of the innumerable species of 
bacteria which may be present. Furthermore, the agar plates 
give no information as to the presence of micro-organisms of the 
important class known as protozoa—animals of the microscope 
world. The test gives results, however, which are important for 
comparative purposes. 

The coli-aerogenes test indicates the presence of bacteria of 
a certain group. These bacteria are found in enormous numbers 
in feces, and their presence in water indicates the probable 
presence of fecal contamination. Water showing these bacteria is 
considered unsafe—not because these bacteria are harmful but 
because their presence indicates that the water may also contain 
microbes of intestinal diseases, such as the typhoid bacteria and 
the dysentery amoeba. When a well-clarified effluent is chlor- 
inated, the total bacteria counts may be reduced to relatively 
small numbers, and bacteria of the coli-aerogenes group may be 
virtually completely eliminated. Along with the coli-aerogenes 
group will go practically all of the pathogenic microbes. 

Acknowledgment: This paper served as the basis of a lecture 
before the Water and Sewage Plant Operators’ Short Courses 
of the 11th Annual Institute of Government, held by the Univer- 
sity of Southern California under joint sponsorship of the 
California Sewage Works Ass’n and the California Section of 
AW.W.A—Ed. 

















155 East 44th St. 


PRODUCTS: 
Multi-Zone furnaces for incineration of 
sewage sludge, screenings and ground 
garbage. 








New York, N. Y. 


trial products. 


and trade wastes. 


Rutherford, N. J., “Municipal” Sand Filter Installation, 4 M.G.D. Cap. 
Two-Channel Concentric Design. 


The “MUNICIPAL” Mechanically Cleaned Sand Filter 
is an effective and economical method of securing a high 
percentage of removal of suspended solids from the sew- 
age effluent. The high efficiency of this filter permits 
the reduction of the settling tank volume or detention 
period required since the filter can be depended upon to 
correct the varying removals incident to the sedimenta- 
tion process, thereby producing a more uniform effluent 
than otherwise obtainable. Removals of 50 to 70% are 
usual. In one revolution of the sand cleancr 86% of the 
trapped solids are removed from the sand. Unless all 
solids trapped in the sand are removed bacterial growth 
on sand and screen sgon plug the filter. The two-channel 
concentric design provides economy in costs, and flexibility 
in operation, where space is a factor. 


Installations at: 
South River, N. J. 
Somerville, N. Y. 


Rutherford, N. J. 


Sayreville, N. J. 
Raritan, N. J. 


The MULTI-ZONE FURNACE embodies greatly im- 
proved principles of multiple hearth furnace design. Com- 
pletely odorless and dustless in operation. Heat in volatile 
gases formerly wasted in stack, used in furnace to reduce 
fuel consumption. No fuel required under normal operating 
conditions. 

Complete and odorless incineration of sewage sludge, screen- 
ings and ground garbage effected by means of the MULTI- 


ZONE FURNACE. Economic drying of sewage sludge 
for use as a fertilizer. : 


Installations at: 
Milwaukee, Wis. 
Lansing, Mich. 
Wisconsin Rapids, Wis. 


Rutherford, N. J,. Multi-Zone Furnace Installation 


Underpinning & Foundation Co., Inc. 


Dryers—for sewage sludge and indus- 


“Municipal” Sand Filter for sewage 


Rutherford, N. J. 


Raritan, N. J. 
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Values of Sewage Sludge 
DR. WILLEM RUDOLFS 
Chief, Dept. of Water and Sewage Research 


N. J. Agricultural Experiment Station 
New Brunswick, N. J. 


HE use of various types of sewage sludge as sub-grade fer- 

tilizer or soil builders has been advocated for many years. 
Enthusiasm to use this by-product of sewage treatment has come 
mainly from the layman, but soil technologists and soil scientists 
continue to wonder why sludge is not returned to the soil for its 
plant food and fertility value. (Note that a distinction is made 
between plant food content and fertility value.) Many farmers, 
gardeners, florists and green-keepers have tried the material, but 
frequently have stopped after some years. 

Sanitary engineers in general have looked at the sludge problem 
as a question of destruction of noxious matters rather than con- 
servation of values. Sewage plant operators have tried to stim- 
ulate its use. There is an increasing tendency to find ways and 
means to utilize sludge, principally as a fertilizer filler or for 
soil improvement through direct application. 

An inquiry to determine why the material is not used on a 
larger scale, especially from smaller plants, or why the use has 
been discontinued, seems to indicate several reasons which can 
be summarized as follows: (1) insufficient knowledge of the 
value, (2) improper use of the material or insufficient prepara- 
tion, (3) excessive claims made by the seller, or (4) lack of in- 
terest by the seller. 

From a hygienic standpoint there is no problem if the sludge 
is used in a proper manner. A rather extensive inquiry made to 
determine whether ill-effects have been observed on animals or 
human beings, shows that where land disposal has been practiced 
for many years no disease or epidemics have occurred. This is 
probably due to the fact that users of large quantities of sludge 
have taken proper precautions. As a rule fresh sludge has been 
used only on forage crops and plowed under after application. 
Heat dried activated sludge and heat dried digested sludge appear 
to be safe for any reasonable use in agriculture, horticulture or 
floriculture, while well digested air dried sludge appears to be as 
safe as manures. 


What Is the True Value of Sludge? 


Determinations of the values in sewage sludges have chiefly 
been a matter of testing for the principal fertilizer ingredients 
(nitrogen, phosphorus and potash), while sometimes the organic 
matter content is taken into consideration. Users of sludge for 


agricultural or horticultural purposes have repeatedly called at- 
tention to the fact that the results obtained could not be entirely 
accounted for by the mineral or plant food constituents. The 
better results have been variously explained on the basis of: 
(1) the organic matter content of the sludge results in an in- 
creased moisture holding capacity of the soil, preventing retarda- 
tion of growth or wilting during dry weather; (2) an improve- 
ment in the soil structure, especially in clay, allowing more air 
to enter and subsequently a stimulation of oxidation or organic 
matter by the soil organisms; (3) introduction of large numbers 
of bacteria and protozoa, resulting in a speeding up of decom- 
position, the introduction of micro-organisms, such as molds, into 
the soil, making the nutrients more available for the plants; 
(4) introduction of certain minerals needed for plant growth; 
absence of weed seeds, which may utilize the available piant food. 

On the other side of the picture is the discontinuance of the 
use of sludge after several years on account of plant injury. The 
reasons advanced for plant injury have been mainly; introduction 
of poisons in the soil which were present in the sludge (certain 
industrial wastes) ; high grease content resulting in water logging 
and production of organic acids; burning of plants resulting from 
acidic decomposition products which make the soil acid. 


Sludge Constituents—Major and Minor 


Until a relatively short time ago it was assumed that only: ten 
chemical elements (nitrogen, phosphorus, sulfur, calcium, mag- 
nesium, potassium, iron, carbon, hydrogen and oxygen) were 
indispensable for the growth of higher plants. Many other 
elements, if found effective, were regarded as plant stimulants 
In 1914 Prof. Mazé at the. Pasteur’ Institute in Paris, showed 
that other elements were necessary. Not much attention was paid 
until in 1923, when Miss Warrington at the Rothamsted Experi- 
ment Station in England found that boron was essential for 
beans and several other plants. Only during the last few years 
has it been found that a number of plants can not complete 
their growth cycle without minute quantities of boron, copper, 
zinc, manganese, possibly molybdenum and several others. These 
“minor,’ or “accessory,” or “micro-nutrient” elements have a 
remarkable effect on various phases of plant growth. Iron, for 
instance, plays a role in oxidation, copper has been reported as 








Preparation and Conditioning an Important Consideration in Marketing 


Compare the handleability and saleableness of the lumpy product on the left as removed from the drying beds, and the uniformly 


granulated and aerated product turned out by a well known sludge disintegrator 



















essential in certain oxidase systems; man- 
ganese is essential to respiration and to 
nitrate reduction in plants; zinc may be im- 
portant in the change of carbonic acid to 
water and CO:; certain metal deficiencies 
produce chlorosis of varied types of green 


plants. 

A compilation of the chemical composi- 
tion of sludges, including the main fertilizer 
constituents and the “minor” elements, is 
given in Table I. For comparison it should 
be kept in mind that the average fertilizer 
ingredients of barnyard manures are about 
2 per cent nitrogen, 1 per cent phosphorus 
(P.0;) and 1.5 per cent potash (K.O). It 
is evident that in addition to the main fer- 
tilizer ingredients, small quantities of 
“minor” elements are present in the sludge 
which may play an important role in plant 
growth. The quantities of minor elements 
are relatively small, so that danger of 
poisoning the soil is absent. The quantities 
of lime salts present in the sludge varies 
with the hardness of the water supplies and 
the manner of sludge treatment. The 
amount of lime salts expressed as (CaO) 
may be as low as 2 per cent and as high 
as 12 per cent on a dry basis. 

TABLE I 
Average Chemical Constituents of Sewage Solids and Sludges* 
Digested Activated 


Element Fresh Solids Sludge Sludge 
Total Nitrogen (N) .......... 4.50* 220" 6.20* 
Phosphoric (P:0;) ............ 2.25 1.50 2.50 
Pee CD: ccc ccetbccdenssve 0.50 0.50 0.75 
PE MONEE, 50 aie cou boc ve week 13.80 27.60 8.50 
eS 5 ee ee 3.20 6.00 7.20 
Aluminum (AI,O;) ............ 2.10 4.30 3.20 
ee Se 6 | eee 2.70 5.70 1.70 
Magnesium (MgO) ............ 0.60 1.00 1.40 
Manganese (MnO) ............ 0.02 0.04 0.03 
ES ere 0.80 1.50 1.00 
jo a Yo re 0.06 0.10 0.08 
ee OS rere 0.02 0.05 0.05 
POG EMO) sco sole co ainsecsis 0.05 0.10 0.06 
PE RE sic se ain Pea ccewace 0.01 0.04 0.03 
Da ED. sccscprsdioidtienmzeanciee 0.10 0.20 0.20 
Wee CID: skoic cde ceccwcwes ae oe 0.005 
CORE COO) ickic-c scisjersiccaceas 0.0002 eats 0.0002 
NE RD iis ins a cceamaan 1.2 25 290 
UE oiervnicinswee caniees 0.50 0.50 0.50 
Crom (Css) n65 53s coscc. ae eit 0.20 
PINE CAGE 6 cca secewcwewad trace trace 0.013 
DM CICA). vcore ss'a's eee ecivinwss iter ie 0.0115 


Be COP. dnts ince vdsaswewene ea ees 0.001 


*All figures being % of each ingredient on the dry basis. 


Humus Value 


As a soil builder the humus content of sludge is less than that 
ef barn-yard manure, because the ash content is greater, but still 
is of considerable value in sandy and heavy clay soils. 

The crude fiber (cellulose, lignin, etc.), being complex insoluble 
carbohydrates, resist bacterial decomposition and remain longer 
in the soil (TableII). Most of the so-called total organic matter 
gradually disappears, but is of importance from the standpoint of 
humus accumulation and moisture holding capacity of the soil. 
Soils which retain a higher moisture content, usually support a 
greater variety of plants and allow the plants to continue their 
growth even during dry spells. 

Fats and greases are important chiefly because they make the 
sludge lump and interfere with the desirable uniform distribu- 
tion of the sludge. Also, because grease decomposition produces 
acidic compounds, resulting in acidic soils. It is our experience 
that most of the injurious effects that may be chargeable to 
sludge application for a number of years are due to the accumu- 
lation of acids in the sol. The first few years these acids have 
a tendency to make insoluble plant foods present in the soil more 
available: hence, produce better results than might be expected 
from the sludge alone. After a few years the available insoluble 
plant food has been reduced and the soil becomes more and more 
acid. Certain plants, which desire a neutral or only slightly acidic 








A Potato Crop—With and Without 

From the same area, in a field side by side, potatoes on left were fertilised with 
400 lbs./acre of Toledo’s air-dried digested primary sludge, marketed under the 
name “Tol-e-Gro.” The yield was just 200 per cent more than the pile on right 
not fertilized. 


soil, are retarded in their growth and finally are injured by the 
accumulated acidity. The simple application of agricultural lime 
(carbonate of lime) neutralizes this acidity. For best results in 
the long run, a judicious lime application every 3 or 4 years 
prevents a good deal of trouble. The fact that this simple remedy 
often has been overlooked accounts for reluctance of farmers and 
greenhouse growers to use sludge after a few years’ trial. 


Growth-Promoting Substances 


Increasingly, it is recognized that plants do not synthesize vita- 
mins or their precursors as a philanthropic act for the benefit of 
animal or man. These substances have a function in the plant 
itself. The substances are generally classified as growth-pro- 
moting substances, since they may induce root development, stem 
elongation, cell swelling, ripening of fruit, stimulate germination 
and flowering, and produce other responses. Farm yard manure 
and decaying vegetable matter have been shown to contain various 
growth-promoting substances. Tests made for the presence of 
some of these substances in sewage sludges are summarized in 
Table III. 

The quantities of growth-promoting substances required to 
affect the growth of plants are extremely small. Comparatively 
large applications of artificially produced compounds may even 
cause injury or retardation. Indole and skatole derivatives appear 
to be among the most effective growth-promoting substances. 
Indole and skatole, as well as butyric, acetic and propionic acids, 
are produced during decomposition of sludge and can be expected 
to be present. The presence of various growth-promoting sub- 
stances give to sludges a higher fertility value than indicated by 
a mere chemical analysis, which reveals only the principal fer- 
tilizer ingredients. 

Practicing farmers have maintained for years that mineral 
fertilizers “burn out” the soil. What is meant is that mineral 
fertilizers stimulate the destruction of organic matter, making 
the plant food, plant stimulants and hormones available in great- 
er abundance. This results in increased crop yields, but also 
gradually reduces the stored-up fertility of the soil. Thereby, 





TABLE II 


Composition of Sludges 
Digested Activated 


Constituent* Fresh Solids Sludge Sludge 
oo | i 60-80* 45-60* 65-75* 
NEN Ti o76 4 gdhdis es Delo ace eks 20-40 40-55 25-38 
DE PUREE ogee bos tde ea 17-35 35-50 22-30 
NS hs ce tie. Sees Oe 1.0 1.50 2.10 
Grease and Fat (Ether) ....... 7-35 3.5-17.0 5.0-12.0 
Iginla ear eee 3:2 jo ee iy 3 
EN ee 4: it Seen ae 3.8 0.6 7.0F 
LOS Ree Se ert eee 5.8 S ire 
PN hid ch tomes cane on 22-28 16-21 37.5 


*All figures being % of each constituent on the dry basis. 
tIncludes lignin, etc. 
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A Small Grain Demonstration 
In this instance, a 40-day growth of barley 


TABLE III 
Presence of Growth Promoting Substances in Sludges 
(Relative Amounts of Single Substances) 


Digested Activated 

Substance Fresh Solids Sludge Sludge 

ME, WOME eos Sites wdc ees 1.2 -7.8 traces none to 
traces 

a een re Poe Pre 0 12-7.0 0.5-1.0  0.0-0.05 
Ascortic acid (Vitamin C)..... +++4+ 4¢4+4+4+ 444+ 
ES EPO re +++ + - 
Tryptophane (free) ........... ++++ + sp 

(combined) ..........+. ++++ ++ ++ 
Tyrosine (free) .............. +++-+ + ++ 

(combined). ..cccccccccocsess trtt+ ++ +4 -+ 
Phenyl compds.* ....5....000.% P++4 ++ ae 


Naphthyl compds.7 ............ : _ ie 


*As benzoic acid; ¢ as &-naphthol. 


the soil becomes poorer. The value of farmyard manure is in 
replenishing the organic matter, “minor” elements and growth- 
promoting substances. Its application is of importance, therefore, 
in making the soil gradually richer. A similar function can be 
ascribed to sewage sludge. Since sewage sludge contains only 
relatively small amounts of the principal fertilizer ingredients 
crop yield cannot be as great as from mineral fertilizers; but, 
like other improved animal manures, it improves the soil and 
will continue to do so if acidity is checked by lime applications. 


Sludge Enrichment or Sludge Filler 


The addition of mineral fertilizers to enrich sludge results in 
a more complete product. Not only are the necessary major plant 
foods present, but the required “minor” elements and growth- 
promoting substances are available. This combination produces 
a balanced fertilizer and, also, a soil builder. This balanced prod- 
uct gives higher crop yields without loss of soil fertility. Such a 
balanced product is of especial value for sandy and clay soils. 
The response of rich loamy or peaty soils to this balanced 
product should be less and it explains partly why experiments 
conducted with various crops in different soils may appear to be 
contradictory. 

The amount of organic matter present is of importance, be- 
cause of its favorable effect on the absorption capacity of the 
soil, and is of further interest because it is the carrier for 
organic nitrogen, which aids bacterial decomposition and _be- 
comes available to the plant when needed. 


Crops and Plants Benefited 


A compilation of plot experiment results and actual practice 
of crops and plants which have been benefited from sludge ap- 
plications (Table IV) indicate that a number of grasses, root 








and leaf crops, trees and shrubs respond to 
sludge. The list is incomplete, because 
only those plants have been included where 
sludge was of definite value. Cases where 
the value was doubtful or contradictory 
have been disregarded. Sludge has been 
found to be of particular value on lawns 
and greens. It does not cause “burning,” 
but small applications of lime are necessary 
from time to time. 


TABLE IV 


Crops and Plants Which Have Benefited 
from Sludge Applications 





Truck crops— 
Squash 
Tomatoes 
Turnips 
Pumpkins 
Beets 
Carrots 
Radishes 
Parsnips 

Onions 
String beans 
Lima beans 


Lettuce 
Spinach 
Field crops and fruits— Sweet corn 

Corn Cabbage 
Wheat (and others ) 
Rye Trees and shrubs— 
Barley Maple 
Turnips Ash 
Grass Birch 
Beets Chestnut 
Mustard Prunus 
Potatoes Cornus 
Tobacco Jasminium 
Cotton Hydrangea 
Apples Berberis 
Citrus fruits Spirea 
Strawberries Daphne 

Cotoneaster 

Flowers— Taxus 

Roses Several broad leaf ever- 
Carnations greens 


(Many annual flowers re- 
spond to sludge, in some cases 
leaf growth is more stimulated 
than is flowering. ) 


The amount of sludge applied varies with the crop. For field 
crops the application varies from 6 to 10 tons per acre, but addi- 
tions up to 40 tons per acre have produced good results. A num- 
ber of nursery men have reported good results with young trees 
and shrubs with sludge used in a manner and in quantities such 
as would be used if the material were barn-yard manure. 


Over-All Value 


The fertility values together with the fertiliser value of sewage 
sludges may be summarized in general as follows: 

In addition to relatively small amounts of the principal fer- 
tilizer ingredients, sewage sludge contains “minor” chemical ele- 
ments and growth-promoting substances essential and necessary 
for proper plant growth. It prevents depletion of humus and is 
capable of increasing the fertility of the soil. It improves the 
soil structure in general and increases the water holding ca- 
pacity of sandy soil in particular. The value of sludge is not 
the same for all soils, neither is it the same for all crops. Except 
for growth observations there is no adequate measuring-stick 
for revealing the over-all value of sewage sludges as soil im- 
provers and growth promoters—in short, their fertility values 
as contrasted to their limited worth as fertilizers, based on the 
chemist’s analysis alone. 

















ENGINEERING DATA 


CONVERSION FACTORS FOR ENGINEERS* 


The word gallon, used in any conversion factor, designates. the 
U. S. gallon. Likewise, the word ton designates a short ton, 


2,000 pounds. 
The figures 10°, 10°, 10-*, etc., 
spectively. 


°. 


denote 0.1, 0.01, 0.001, etc., re- 


The figures 10', 10°, 10°, etc., denote 10, 100, 1000, etc.. re- 


spectively. 


“Parts Per Million,” (designated as p.p.m.), is always by 
weight. As used in the sanitary field, p.p.m. represents the num- 
ber of pounds of dry solids contained in one million pounds of 
water. In this field, one part per million may be expressed as 
8.345 pounds of dry solids to one million U. S. gallons of water. 
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BE - -écidcivbenecasouane SS swki ps rsen Grains 
lt Oe Fe yt ee co dserew en Ounces 
me oe i.) er Grams 
TREE: «cca cata neeawes S| aiewperns «-- Feet 
BR sas adierb.nscneracnanete ree eer Centimeters 
To "capa fake tiie ela altace SAO CED vin dkd sce es Meters 
weet af Wetee .266cc5 cS Ra coe ee oo Inches of mercury 
SO ee ae. aa cal nn thie ines Lbs./sq. inch 
nn Me rN ee Le. Lbs./sq. ft. 
an deere ee Atmospheres 
oO Me oo gcd adee ee eee areaee Kgs./sq. meter 
NE em — Nm tae Centimeters/sec. 
“i ms “Uawhen dau taco Be eke wees Meters/min. 
Pent - POUR. (6.h5is sede pe! eee ee British thermal units 
4 i er PEE 4 a Horse-power-hrs. 
* we. Selotesauewe |] =r Kilogram-meters 


einuvwne sous 3.766x10-7.......... Kilowatt-hrs. 





Multiply By To Obtain 
Foot-pounds/min. ........3.030x10-5.......... Horse-power 
= - 4c Terrie ~ eee. Kilowatts 
Gallons bbe 5,4-6 5 ek ale wiaAta date ea ae ee Cubic feet 
ee eee ERS Cubic inches 
oe ee DISD - ci cereeves Cubic centimeters 
ro eee 3. 785x10-§ Ree Sane saad Cubic meters 
re Ke WN Rate Re? 3.78 er errs 
Gallons, Imperial ........ en. SR Tee U. S. gallons 
" We oc eoshca ese ND ocx aia wwsiace Imperial gallons 
Gallons water ............ 2: as ae Pounds of water 
GaMons/Min... .606..0055%s ao Cubic feet/sec. 
" ph SAE eee Liters/sec. 
. S eicueieatova scents wid ere Cu. ft./hr. 
Grains: C6G0d> sieviecovccedies ee rey Grains (avoir.) 
asia aia OE ER Ye ae Grams 
Gratne/ U8. Wal: «6 i6s ccsis Co. Parts/million 
4 Oe es eee MES * “<¥rieseens Lbs./million gal. 
PR, GES 56 6kc e230%% WEE Ss 4a snake Parts/million 
rt ee ee ae OT ee eer ee Grains 
ay | acarstal St Barger anata | Se Ounces 
7 C.. | \ Snpcahe sha cahae sakes ocala s Wade See  Seesesaean Dynes 
Grameslter «is. 6s.2<i2005 * - arene Grains/gal. 
vi Toa Loma eek Bee Sans cossies Pounds/1000 gals. 
5 oe ee A em ner SO taieect wes Parts/million 
PD ke Sites core ee Slee - wieiesssec Acres 
ae ee SN - uicesiveudex B.T. Units/min. 
a Fart. Pesieele ea weante are ees Foot-lbs./sec. 
_ Re ae ee ea ae 3 aes es SF Kilowatts 
Horse-power (boiler) SEM | sina seen B.T.U./hr. 
~ i ty AEE aswacrweouien Kilowatts 
SINUS si oad icoas aso PE. wveuwswates Centimeters 
Inches of mercury........ ck Fare ee Feet of water 
- ” i lakes | rae Lbs./sq. inch 
3 i ip ig We EE | Atmospheres 
. * Meee) degra eto err Kgs./sq. meter 
Inches Gf WSter ..<5..65:.0. O.07S55. 2... cc006 Inches of mercury 
= - We Ppnaeaaw ee ee Lbs./sq. inch 
i ee re rr RE 4c: canwonees Lbs. 
Kilograms-calories/min. .. GEE. Wksiew anteau Foot-pounds/sec. 
5 oe = 0.09351.......... Horse-power 
- " ES Sstvcevcs Kilowatts 
ee ee ee |! ene Feet of water 
soi et a» aterm as eine. wae ree Lbs./sq. inch 
PR 5 re Fa hes ae Feet 
oP pth Sweat Rees wale Ge” Gaon ciccun Miles 
Kilometers/hit. .......s02. ORREE. Hscciecesen Feet/sec. 
” DP ab ertilek RN A Sa ndinece ae Centimeters/sec. 
OS ois oie ieee eae B.T. Units/min. 
Sess erelels etapa is (<) Sere rr Foot-lbs./sec. 
S-) «an tesnaale cmaeale SE... sbeetomials Horse-power 
Pre Goaisusaakee eae CR nescieces Kg.-calories/min. 
ithe: ee.2 hoc anand 0.9642 Re. Gallons 
Be cn dente aaron Scere sniine She 61.02 ...ccccceee Cubic inches 
Mt 0 0s 's-0aete eens cieo es 0.08531 ......000% Cubic feet 
I, wie dicta te vals naeean Da > ssad'soonan Feet 
oS). ep eiorpnels eiipeo inate rere. Inches 
Oe | © Caen Gielen a alae aan ES cociaeuns bare Yards 
I ico s0 6s uskeea ose aves err Feet 
oY ghaten qn oneene vhs wese 1.609  ..cceeeeee Kilometers 
ee eee ae _, Rare eres Feet/sec. 
= Wt Pvc ve densaar eee oe Kilometers/min 
Milligrams/liter .......... | rie ery Parts/million 
Million gals./day ......... oS eee Cubic ft./sec. 
Miner’s inches ........... OE (Sceperunis Cubic ft./min. 
ee ee gee aes Grams 
pel HR AR NE Mery 2 Se Grains 
WW SeaSebeneteaomets CEE seweiosves Ounces (troy) 
Ounces (vid)  ....0005%0 AS eee Cubic inches 
” 7 | pega easalnee 29.57 wee cvces Cubic cm. 
Partasmlhah.§..cevicdscsss 2 eee Lbs./million gal. 
ne y Pl .  . nbanameaeee at RES -Siviccsnaes Grains/U. S. gal. 
= ee detene welt CTE seecvawnse Grains/Imp. gal. 
Pee: 6. ns ersiwsouee tres > “seaunnsoses Ounces 
Oe, ils Rinigahd = a ouece minced SLA iti setup Se bihitl Grains 
epee Painden it a WA baiee SE as002 6 hcus Grams 
OO, ie tesentotin nhl alae 0 eee Pounds (troy) 





*Selections from a booklet of—‘‘Conversion Factors for Engi- 


neers’’—distributed by The 


Dorr Co., New York City. 



























































































































Multiply By 
Pounds of water.......... EA, ee 
sa va ee Perr e Sede” i gs cokae 
° = e CUkamaapane RP re 
Pounds/cubic foot ....... c/a 
- “a er etd eee BET. Nu o.ain sca be i? 
” T = genewea DPSOE Os ccccces we 
WOMMERIGORE sicsciccwvces RE. -heid dak toe 
POUNGRSINEN. cccccccéctize ee” uehws plat 
Pounds/sq. foot .......... EE cae e vo see 
“ Oe OD hee aie GO )' taseeseere 
Pounds/eaq, inch ......-+..- Of Pe ree 
wae ye hk ES eS Ree a 
” - eet er |. Re 
we m guaeees ene ME sansvondan 
NS 56a read naeeheeaeas Oe | copa wsleweee 
EE cn ty se hoa new keel Se? weceek sed 
Square centimeters ...... CE ad a ade biw ate 
- idaho ree? RP vesvecaes 
EP re eer Sarre 
% Tr) gpa de nage DE vcceweekee 
ag ey Reg ockoma BONE 6 cc vccoone 
Square inches ........... See. vere enaewes 


To Obtain 


Cubic feet 
Cubic inches 
Gallons 


Grams/cubic cm. 
Kgs./cubic meter 
Lbs./cubic inch 


Kgs./meter 
Grams/cm. 


Feet of water 
Kgs./sq. meter 


Feet of water 
Inches of mercury 
Atmospheres 
Kgs./sq. meter 


Sheets 
Sheets 


Square inches 
Square feet 


Square inches 
Square meters 
Acres 


Square centimeters 





Multiply By To Obtain ~ 
Squaré kilometers ....... Is Fe ccotaia Acres 

vi en. , keoteaata CO are Square feet 

sd Ta... weeeewe DDE” advcuctound Square yards 
Square meters .......... See -aeneowowes Square feet 

” 4 ig enema ae ee Square yards 
BMPS WHOS ik ics 6 cccincle ae re Acres 

- le Se es WEEE. ccna ecvus Square feet 

- eae ha meanee eo BE wenien henat Square Kilometers 
SAUMTO FARES aoc cicc ccc 9 bebneaeaa Square feet 

= ee atc awa wie ere Square meters 

” > Senepttanaia Di io v0 no nbes Acres 
I ois a cing wanes a Kilograms 

ei i ee ee a ee ee ee Pounds 

- Pe nar beaeane a EON &o0sceen ce Tons (short) 
og re ee” * Shighiodaweard Kilograms 

" Jig ae es Pounds 
SAO. Gio nibicc kt oieae Be... Geaegamden Pounds 

* age Se SON ENOe wi tcewseas Kilograms’ 
Tons of water/24 hrs..... ©.16648 ....ccccee Gallons/min. 
NED oS dhe Wels are eee eee PPO. B.T.Units/min. 

~ Ee te Re eee Foot-pounds/sec, 

ee ee er eee Pre Horse-power 

cee ne Pe ey ee OED caesarean Kg.-calories/min, 
RE pines hat oe he eeeaihee PE -dkctivneceae Meters 





Relative Carrying Capacities of Pipe Lines of Equal Smoothness 


Prepared by Emil L. Neubling for the Reading Meter Repuir Co. 
































































































































Diameter) 32 | 14{ 15 | 16] 18 | 20] 22] 24 26 | 28 
_ 48 | 32.00] 21.77] 18.32] 15.59] 11.61] 8.92] 7.03] 5.66] 4.63] 3.85 
~ 46 | 28.771 19.57] 16.47] 14.02] 10.44] 8.02] 6.32] 5.09] 4.16] 3.46 
~ 44 | 25.74] 17.51) 14.71] 12.54] 9.34] 7.13] 5.66] 4.55] 3.73[ 3.10 
~ 42 { 22.921 15.59] 13.12) 11.16! 8.32) 6.39] 5.04] 4.05] 3.32! 2.76 
~ 40 7 20.29 13.80] 11-61) 9.88] 7.36] 5.66! 4.46] 3.59] 2.94] 2.44 
38 | 17.84] 12.14] 10.21] 8.69[ 6.48] 4.98] 3.92} 3.15] 2.58] 2.17 
_ 36 | 15.597 10.607 8.92. 7.59] 5.66] 4.35! 3.43] 2.76) 2.26! 1.83 
34 | 13.511 9.19] 7.74 6.58] 4.90] _3.77[__ 2.97] 2.39] 1.96] 1.62 
32, | 116 7.90|_ 66H 5.66! 4.21] 3.24) 2:55] 2.05] 1.68] 1.40 
30 | 988 6.72, 5.66{ 481] 3.59) 2.76] 2.17| 1.75) 1.43) 1.19 
28 8.32) 5.66] 4.76] 4.05] 3.02] 2.32] 1.83/_ 1.47] 1.20| 1.00 
26 | 691! 4.70] 3.96] 3.37| 2.51] 1.93] 1.52{ 1.22] 1.00, __ 
24 | 5.66! 3.85] 3.24) 2.761 2.05] 1.58] 1.24] 1.00] ae 
22 [ 4.55! 3.10; 2.61] 2.22] 1.65] 1.27] 1.00] | = 

20 | 3.59! 2.44] 2.05] 1.75{_ 1.30] 1.00 | | a 
‘18 | 2.76F 1.83 1.58] 1.347 1.00 | | 

16 | 2,05] 1.40| 1.181 1.001 ] | 

15 | 1.75 1.19 1.00] | | ae 
4 | 1477 to) I | | ae ee ag 
“2 | 1.00; 1 . T I | | 





The foregoing tables will be found useful in pro- 
portioning distribution lines. 


Example: 





To find how many one-half inch pipes 









Diameter | 
of Pipes 








3 


481 
46 | 















24 j181.02/123.1 
22 (145.63! 99.2 
20 _{114.76/ 78. 








18 | 88.18) 

29 : 4 
15 | 55.90' 38.02 
14 ~+| 47.05] 32. 

~ 12 | 32.00! 21.77) 

10 | 20.29) 





9 | 15.59] 10. 
i .6 
1 ae ae 
as | 5.66' 3. 
“Ss fa 
























— 
a 





12.05! 1.40) 
| 1.471 ‘1.00] 
| AO 









can be supplied by a 4-in. line, follow down the %-in. 
vertical column to the number opposite 4-in. diameter 
of the first column, where the number 181.02 is found, 
which is the number of one-half inch lines that can be 
supplied by a 4-in. line. 

Example: To find how many 12-in. lines can be 
supplied by a 48-in. line, follow horizontally along the 
48-in. diameter of the first column, until you reach the 
12-in. vertical column, where the number 82 is found, 
which is the result desired. 
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GALLONS | GALLONS 
24 HRS. | PER HOUR 


583 


Bsect Velues 


beovaresy 


CHART FOR 


PULLER rt Curmtoca Caonteas 


CONVERTING GRAINS PER GALLON TO POUNDS PER MILLION 
AND THE REVERSE 


Courtesy W. Donaldson and Fuller & McClintock, Engineers 


POUNDS OF CHEMICAL REQUIRED PER HOUR FOR VARIOUS PUMPAGES & DOSES 


Igr 
0. 


ain per go 
10 » * 3 


N u 


100 
N 


$2.1 


56.3 


60. 


~ . 4.17 » » » 


110 


120 


ang per million gellons + $.95 lbs. per hour for eech million gallons 
1 » 


130 





Opposife 8.0M.6.0 and under 70 find 23.3,which is the correct weight. 


Example: What weight of Chemical must be fed each hour togive a 70lbdose for a pumpage of 80M.6.D. 


140 





Note: It is now becoming modern practice to record and report all chemical dosages in pounds per million 
(P.M.G.) and thereby have simplification in reporting and recording, rather than using the older scheme involving 
grains per gallon, parts per million, etc. 





NUMBER OF TAPS THAT CAN BE TAKEN FROM PIPE OF VARIOUS SIZES 





















































































































































Diameter 
SIZE OF TAPS IN INCHES 
of Pipe 
in Inches | % | 1 |1%|1%| 2 |2%| 3 | 3%] 4 | 4%| 5 | 6/7 | 8 | 9.) 10| 12| 14| 15 | 16| 18| 20 | 22) 24 
2 n| s| 3| 2/1 Rt ee 
2% 20:| “Oli S| 83], BL 8 
3 s2/15|' 8| 8S] 3] a] 1 
3% 47| 22} 13} 8| 4] 2] 2] 1 Raa 
4 65| 32) 18; 1] S| 3] 2] 1] 2 
4% 88 | 42; 24/ 15; 7/ 4/ 2/ 1] 1] 1 | ie 
5 14} 55| 32} 20] 9) 5/} 3] 2] 1] 1] 1 | 
6 is1| a8| 50| 32|/ 15| 8| 5| 3] 2] 2] 1] 1 
7 266 | 129| 74| 47| 22} 13| 8] 5/ 4] 3} 2] 1] 1 
8 371 | 181 | 103| 65| 32] 18| | 7| 5] 4] 3] 2] 1] 1 
4 243 | 139| 88| 42| 24/ 15| 10/ 7] S| 4{ 2] 1] 1] 1 
10 316 | 181/114] 55] 32} 20] 13 9/ 7] 5| 3} 2{ 1/1/21 
12 285 | 181| 88| 50/ 32| 21; 15/11} 8| 5| 3] 2/2/1/1 
14 419 | 266 | 129| 74| 47| 32 | 22| 17] 13] 8] 5| 4| 3] 2/1) 1 
15 316 | 154| 88| 55] 38 | 27| 20/15] 9| 6} 4}; 3/ 2/1/11) 1 
| 16 371 | 181 | 103 | 65/ 44 32 | 23| 18] |] 7} 5| 4) 3} 2]1)]21)] 21 
«1B 243 | 139| 88| 59 | 42 | 32 | 24] 15| 10/ 7} 5 | 4] 2)2] 1] 1) 21 
20 316 | 181 | 114| 78 | 55 | 41 | 32] 20) 13] 9} 7/5 | 3/]/2})]2]21),1) 21 
22 229|145| 99 | 70 | 52 | 40| 25/17} 12/9|)]7/4)/3)}2;),2)]21]1) 21 
285 8 | 65 | 50| 32} 21/15/11 | 8} 5/3] 3)2);2;1]/21)] 1 





























Cylindrical Tank Capacities 
Per Foot of Depth 





(The Cubic Foot Figure Is Also the Area in Each Instance) 









Contents 
Per Ft. Depth 


Contents 
Per Ft. Depth 


Contents 


Diam. Per Ft. Depth 


Diam. Per Ft. Depth 


Contents 










































































































































































Based on a density of 62.355 pounds per cu. ft. for water at 62°F. 





; Cu. Ft. Gals. . Cu.Ft. Gals. . Cu.Ft. Gals. Ft.In. Cu. Ft. Gals. Ft.In. Cu. Ft. 
1 0.785 5.87 63.62 475.9 314.2 2350 32 804.3 6016 58 2642 
1-3 1.227 9.18 70.88 530.2 330.1 2469 33 855.3 6398 60 2827 
1-6 1.767 13.22 78.54 587.5 346.4 2591 34 907.9 6792 62 3019 
1-9 2.405 17.99 86.59 647.7 363.1 2716 35 962.1 7197 64 3217 
2 3.142 23.50 95.03 710.9 380.1 2844 36 1018 7616 66 3421 
2-3 3.976 29.74 103.9 777.0 397.6 2974 37 1075 8043 68 3632 
2-6 4.909 36.72 113.1 846.0 415.5 3108 38 1134 8483 70 3 §=3848 
2-9 5.940 44.43 122.7 918.0 433.7 3245 39 1195 8940 72 4072 
3 7.069 52.88 132.7 992.9 452.4 3384 40 1257 9404 74 4301 
3-3 8.296 62.06 143.1 1071 471.4 3527 41 1320 9876 76 4536 
3-6 9.621 71.97 153.9 1152 490.9 3672 42 1385 10360 78 4778 
3-9 11.04 82.62 165.1 1235 510.7 3820 43 1452 10860 80 5027 
4 12.57 94.00 176.7 1322 530.9 3972 44 1521 11370 82 5281 
4-6 15.90 119.0 188.7 1412 551.5 4126 45 1590 11900 84 5542 
5 19.63 146.9 201.1 1504 572.6 4283 46 1662 12430 86 5809 
5-6 23.76 177.7 213.8 1600 594.0 4443 47 1735 12980 88 6082 
6 28.27 211.5 227.0 1698 615.8 4606 48 1810 13540 90 6362 
6-6 33.18 248.2 240.5 1799 637.9 4772 49 1886 14110 92 6648 
7 38.48 287.9 254.5 1904 660.5 4941 50 1964 14690 94 6940 
7-6 44.18 330.5 268.8 2011 683.5 5113 52 2124 15890 96 7238 
8 50.27 376.0 283.5 2121 706.9 5288 54 2290 17130 98 7543 
86 56.75 424.5 298.6 2234 7548 5646 | 56 2463 —«18420. =| 100 ~—-7854 
WATER PRESSURE Theoretical Horsepower 
Feet of Head = Pressure 
a _ _ mg =a siiauiian G. P. M. X Head in Feet 
et Gen ben bees = ater Horsepower = 
$3) 29] 23) ge| F3 ag|2si ag] Belge oad 
ar) 2a) Se lex Se ian| &% o . 
& a 2 ae ag a & 
1 | 0.43 | 54 | 23.39 ) 107 69.31 ) 213 , 92.20 123.45 HEAD IN FEET 
3/¢8) 8/2313 it] Bs] ge | ae | es 
S18) S| S81 a mali leu| mle | wlul»|s}e|s|olelo|e| aio 
6/259) 59 | 25.55] 112 71.47 | 218 | 94.43 134.28 4if- 8-8 ee 8 ee ee 3 
7 | 3.03 60 | 25.99 | 113 71.91 | 219 | 94.86 136.46 20 “05 08} .10/ .13) .15) .18] .20) .22) .25) .30 45 
eel S| aelis oo | ae | o's so 25 | 96] :10| °13| 16] -19) .22| .25| 28) .32| 38 ‘57 
438 3 21.2 us 73.20 az 061 12.08 30] 08} 11] .15| .19| .23| .26) .30| .34] .38] .45 “68 
5.20} 65 | 28.15] 118 74.07 | 224 | 97.03 147.28 4 ce ee ee ee ee oa 
5.63 | 66 | 28.58) 119 74.50 | 225 | 97.46 149.45 45 17] 123] [28] “34) 40) 145; 51] -57| .68 1.02] 1.14 
‘S 4 age a a = aa =o 50 '19] 125] 32] .38] 44) .50| 57] .63| |76 1.14] 1.26 
0.3 cs 20 8 i 75.90 a a8 7 18.4 60 23) 30) 38] 46) .53| .61| .68| .76] .91 1.36| 1.52 
. . ! : 95] 1.1 1.70] 1.89 
7.79} 71 | 30.75 | 124 76.67 | 230 | 99.63 160. 27 ‘0 "23 i is Hd 33 80 a 1.02 aT 1'38 4.70| 2.04| 2.27 
8.22] 72 | 31.18 | 125 77.10 | 231 | 100.0 162.45 100 | .25| :38| |50] 63} .76| .88] 1 Ol] 1.14| 1.26] 1 51] 1.89] 2.27| 2.52 
oT ol sees laa a | oe leer en 164.61 yy 12 | 32} 147] -63/ .79] 97) 1.10) 1.26) 1.42 1:58] 1.80] 1.37] 2:84] 3.16 
a 053 75 a2 4 18 78-40 2 1 a8 1804 z 150 | .38| .57| .76| .95| 1 14] 1.32] 1.52] 1.70] 1.89] 2.27] 2.84) 3.41| 3.79 
. ; 32] 1.54] 1.78] 1.99] 2.21] 2.65] 3.31] 3.98] 4.42 
Bb] it | | mat| oe lies | | ieee Se) oo) a alta ae ab ba at aa tg 
25 |10.82 | 78 | 33.78 | 131 | 56. 79.70 | 237 |102.66 184.10 & 250} .63| .95] 1.26 1.90] 2.20] 2.52] 2.84] 3.16] 3.79] 4.73] 5.68| 6.31 
sitet olaeluiea a | ae ae 105.0, 2 300) 76) 1.14) 1.51 2.27] 2.65] 3.03| 3.41] 3.79] 4.54] 5.68] 6.82| 7.58 
2 i212 s 35.08 1s ; sto 240 103 % 210 5 & 30 "88| 1.33] 1.77 2.65} 3.09] 3.54] 3.98] 4.42] 5 30] 6.62| 7.95| 8.84 
. . . ' y .03| 3.53] 4.04] 4.55] 5.05] 6.06] 7.57] 9 09/10.10 
30 /12. 83 | 35.95 | 136 | 58. 81.87 | 242 |104.83 238.25 > 500 1°98 % 2 82 3 78 a 5.05| 5.69] 6.31] 7 58] 9.47/11.36)12.63 
31 84 | 36.39 | 137 | 59. 82.30 | 243 | 105.26 249.09 550 | 1.39] 2.08] 2.78 4.17] 4.86] 5.56| 6.26] 6.94] 8.33/10.42/12. 50|13. 
= . a = .. _ = = bey 600 | 1.52| 2.28] 3.03 4.55| 5.30] 6 06| 6.82] 7.58] 9.09]11.36|13. 
f s7 578 10 50 28 106.58 2. 650 | 1.64] 2.47| 3.28 4.93] 5.75| 6.56] 7 39| 8.21] 9.85/12.31 
. ; . i.77| 2.66] 3. 5.30] 6.19] 7.07] 7.96] 8.84]10.60|13. 26 
36 89 | 38.55 | 142 | 61. 84 47 | 248 |107.43 303 . 22 730 ica $5 379 5.68] 6 63| 7 58] 8.53| 9.47]11.36|14. 20 
37 90 | 39.08 | 143 | 61. 84.90 | 249 |107.86 314.05 2.02| 3.04] 4.04 6.06] 7.07! 8.08] 9.10/10. 10]12. 1215.15 
= - 3.6 - $4 = 4 se 850 | 2.15] 3.23] 4 29 6.44] 7.51) 8.58] 9.67) 10.73/12. 87]16. 10 
ao 3 40-23 is : 2 23 109 fa 3484 900 | 2.27| 3.42] 4.54 6.82] 7.95| 9.09] 10. 24]11.36]13 63] 17.04 
. -63 | 2 . . 50 | 2.40] 3.60] 4 80 7.20] 8.40} 9.60110. 80] 11.99]14.39117.99 
42 95 | 41.15 | 148 | 64. 87 07 | 254 |110.03 368. 20 1000 2.52 . 5.05 7.58] 8.84/10. 10]11.36| 12.63/15 15|18.94 
43 96 | 41.58 | 149 | 64. 87.50 | 255 |110.46 379.03 2000 | 5.05] 7.57/10. 10 15. 15| 17. 67/20. 20] 22. 72) 25. 25130. 30|37. 87 
“ a. 4 oo = oes as = ag =o 3000 | 7.57/11.37]15. 15 22. 72|26.51|30.30/34.09|37. 88]45. 45/56. 81 
4d Biba Bee ad ee ee 4000 10. 10]15. 16)20. 20 30.30]35. 35/40 40/45. 45/50. 50/60. 6075. 75 
#7 |20.35 | 100 | 43.31 | 153 | 66.27 89.21 112.19 422.35 
bet inn bg - ois 4 261 ao 7 NOTE:—to get the BRAKE HORSEPOWER required by the pump use 
50 [21.65 | 103 | 44.61 | 156 | 67.57 90.53 | 262 |113.49 866.3 the following formula:— & 0:0 ctnbie tec 
Be | ae |e | || 2 |e |B gt | 90 Sake aroma = Se 
63 |22.95 | 106 | 45.91 | 159 | 68 87 91.83 | 280 |121.29 3960 x Effy. of the pump 
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This chart reveals the correct size of brass pipe or copper pipe 
or tubing to install for desired delivery of flow and residual 
pressure requirements. 

Since the chart has been developed from reliable formulae, 
developed at Harvard University for straight runs of brass and 
copper pipes, it is necessary to allow something additional in the 
way of friction through valves, elbows and fittings. On this 
account, for the average service line it is good practice to add 
20% to the actual length of run of pipe to compensate for loss 
of head through valves and fittings. 

Example: There is an available pressure drop of 30 !bs., and 
the minimum delivery requirement at fixtures is 35 gals./ min. 
What size of pipe is required for this service? 

Assume a run of 100 ft to compensate for fittings, etc., add 


DELIVERY CAPACITY AND PRESSURE DROP 
THROUGH BRASS AND COPPER PIPE®® 









—> 


the 20% to secure an “indicated” run of 120 ft. From the 120 ft, 
point on the base line run up to intersect the down slanting line 
representing 1 in. pipe; then to the right to the 30 lb. up slanting 
pressure line; then up to the G.P.M. line. The answer is 36 
gals./min. If the % in. size had been tried the result would have 
been only 17 gals./min. delivery with a 30 Ib. pressure avai‘able 
at the main. On the other size an 1% in. line will deliver twice 
the requirement—i. e., 70 gals./min. Or, for the 35 gal: rate 
of delivery only 10 Ibs. of pressure would be required. i 

It is evident, therefore, that the chart will reveal the proper 
size of pipe to deliver a required flow with any desired+nesidual 
pressure at the out'et. In this case use the difference between 
the normal minimum pressure at the main and the residual pres- 
sure desired as the “available” pressure and proceed as in the 
example given. 





OFFSET CHART FOR 45° & 60° SCREWED FITTINGS 


(Copyrighted by Crane Co.) 
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Directions 


To determine the actual length vi pipe, L, to use for length B, find in.the table on right the amount 


7 

to deduct for the desired pipe size and subtract it from length B. ~* 7 ‘a 
4’-24%” (A) gives thé length of run g 
4 


For example, using the above chart, a 45° ottset of width 
B as 5’-10%” center to center. If it is a 2” pipe 
2”. Subtracting this from 5’-107%” gives 5’-8 % 





then the table indicates the aniount to deduct is 
as the length of pipe to cut (L). 









21%" 
2 

2%" 
12” 

834" 





2” 
2 
234” 
10” 
734” 
914" 





1%" 
15%” 
9" 
9” 
654” 





114” 
134” 
15%” 
3” 
5%" 
14" | 





” 
| 1%” 
134” 
7” 
54%" 
65%" 











34 
14” 
6” 

- 434" 
55%” 











4% 
a" 
1 
5" 
334" 
454" 








Y% 

34" 

4” 
3" 
3h" 





yy" 
3%" 
25%” 





34" | 
i" 
414" 
3 3% 
Note=The above figures represent 2xD. ‘Fo find D divide by 2. 


























45° deduct. 
60° deduct. 
45° deduct. 


Pipe'‘size. . 
60° deduct. 
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Flow Powergraph 



































- 140 7+ 001 2 
84 
94 
107 2%, 
+ 130 foo a 
20+ 0.03 2% 
+ 120 3 
ay | 0 
0.05 
4+ 0.06 
+ 110 59-4 0.07 
0.08 
60+ 0.09 4 
70+ 0.1 
= 0.1- 804 
<x 9 
= + 100 100 
& 02- 
cS 02 
t 03 4 = 
u 04-4 200 4 < 
9 a7" AO ie , 
> 04 
= 08 - oO z= wm uu 
= $4 3 _ -05 ow 
iS = mot 
> 06 “ fora 
= 2419 = Ws gy f 98 © - 
a. os ao 70 49° = uw 
ed <a = 
a ie 900 < 
S sl t& z i Oo fi 
- sf uw © wT wo 
oO —! -_ 
uw 7 oe wall 
a %i o = +2 i 
a WMG oO a ~% 
w iad 12 
> ; 2043; = ae 
a 20 4 Ww = a. 
a 4 B 
ww on > 30004 | +14 
2 30 4 a. ro) 5 
4 40 + _ mis, =F 
50 + 5000-7 oO + 16 
=z im i. = 
So 60004 9 iol 18 
iS 100 5 7000+ 10 
a 80004 
2) 9000 20 
4 100004 
- m4 
300 3 ha a 
400 - 
500 4 + 30 
50 
+ 40 
50 30 
r 60 
#4 
E 99 in 
- 100 
+ 42 
ri] - 200 + 48 
DIRECTIONS: Corresponding values 
q of power ui per thousand feet FLOW POWERGRAPH 
bs on li a scharge on . 
7 fine , lie ona straight odes for the solution of the formula 
‘ peint P on the index line (3) , where K 9245 
Pa FN the index line is cut by a straight li HP = ————_ 
ee pny pap line d437) 3-5 
Ts a size of pipe on line . ‘ 
P — derived from the Williams & Hazen formula 
EXAMPLE: Given, Pipe diameter, d= 16" ; . Cl -B. 
pipe coefficient, C=115; and discharge, 7 yee : _ 
®D © O@ o-smed. pyrig 
on per ant Theres poner reget to overcome spe NATIONAL WATER MAIN 
aii an CLEANING COMPANY 
A straight line ——: on line ana 
on line @ intersects line (3) at_Point P. A straight line connecting 50 CHURCH STREET 
point P and 4 m.g d. on line () will intersect line (5) at 3.6 H.P. NEW YORK, N.Y. 







































This Highly Useful Graph Was Devised by Arthur T. Clark and M. B. Frost for Simplified Determination of Power Required to 
Overcome Pipe Friction Under Various Conditions. Also to Determine Condition of Pipe Lines in Service. 
(Copies of This Graph on Linen Are 










Being Distributed Gratis by National Water Main Cleaning Co., New York City.) 
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FOR ANY OTHER VAL'VE OF THE COEF."C” 
MULTIPLY THE LOSS OF HEAD FOUND BY 


THE CONSTANT “K" AS GIVEN IN FOLLOW- 


ING TABLE. 
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PIPE FLOW DIAGRAM 
BY H.M.HUY, CONSULTING ENGINEER 
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THE WILLIAMS & HAZEN FORMULA WHERE THE COEFFICIENT’C EQUALS 100 
gram is reproduced through courtesy of H. M. Huy and permission of Hydraulic Development 
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CHART FOR DETERMINATION OF PUMPING COSTS 


This chart is used for determining the power cost of pumping water per thousand gallons when the total head, wire-to-water 
efficiency and power rate are known. In using this chart a ruler is placed from line A (Power Rate in Cents per Kilowatt Hour) 
to line B (% Wire-to-Water Pump Efficiency). A pin or pencil point is placed against the edge of the ruler on the Pivot Line 
and the ruler is then pivoted to the proper point on line D (Total Head in Feet). The Cost for Power per Thousand Gallons can 
then be read directly from line C at the left of the chart. (Courtesy Edward E. Johnson, Inc.) 
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Edw. E.stahasen, lac 14-1-35, 4.0. 



















The orifice method is a simple 
way to measure flow of,, water 
from a pipe discharging hori- 
zontally into the open air. The 
sketch shows the general ar- 
rangement. 


A plate or cap is affixed to 
the end of the pipe with the cir- 
cular orifice in the exact center 
of the pipe. The size of orifice 
should be from one-half to 
three-quarters of the size of the 
pipe, but must be of such size 
that it will run full of water. 


A hole for %-in. pipe should 
be drilled and tapped 24 in. back 
from the orifice and a short %- 
in. nipple screwed in until the 
inner end is exactly flush with 
the inner wall of the pipe. One 
end of a piece of rubber hose 
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ORIFICE TABLE FOR DETERMINING WATER FLOW 


[Compiled by the Engineering Department of Layne “and Bowler, Inc., from 
original calibrations made in the Hydraulics Laboratories at Purdue University.) 
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MEASURING FLOWS By THE ORIFICE METHOD 


is slipped over the end of the 
nipple and the other end over a 
glass tube, which should be sup- 
po:ted in a vertical position. 


Ratio R is the diameter of 
the orifice divided by the inside 
diameter of the pipe, and the 
proper value of K is found from 
the curve. In the formula A is 
figured as the area of the orifice 
in square inches, G = 32.2, 
and H is read as the height in 
inches of the water in the glass 
tuke above the center of the 
pipe. Gallons per minute (g) 
then can be figured. 


For convenience when deter- 
mining capacities during pump- 
ing tests, the accompanying table 
for various orifices commonly 
employed will prove useful. 








Head | 3” Orifice 4” Orifice 5” Orifice 6” Orifice 7* Orifice | 8" Orifice| Head Head 3” Orifice ] 4” Orifice | 5* Orifice — 6” Orifice } Head 
in : ~) ¢in | 6% ) —_ i tin. | Bin. | 10 ine ~~) 10 in. | in in. | 6 8 in 6 in Sin. | Bin 10 in. h 
Inches | Pipe | Pipe | Pipe_| Pipe Pise_| Pipe Piss | ‘Pipe _| "Pipe 'Pipe _|_ laches Inches Pipe Pipe. | Pipe ine | Pipe | Pipe Pipe | Pipe Inches 
j | { r ft | 
| 100 | 76 145 140 | 280 220 | 380 320 5 36.5 256 201 383 356 743 | 588 | 937 852 ; 36.5 
5.5 | 104 | 79 | 153 145 | 293 | 230 | 394 333 5.5 37 257 203 385 358 748 $92 | 943 857 37 
6 108 | 82 | 160 | 150 305 240 | 408 | 345 6 37.5 259 204 388 300 754 5% 949 %62 37.5 
6.5 i | 85 | 167 155 316 250 § 421 | 358 6.5 38 200 205 390 363 759 600 955 867 38 
7 115 88 | 172 | 100 | 328 200 | 433 | 370 7 38.5 262 206 393 365 765 604 9%! 872 | 38.5 
7.5 no | 91 | 179 | 165 | 339 270 440 | = 383 7.5 39 | 263 208 396 367 770 | 0608 967 877 | 39 
8 122 | 94 } 185 | 170 | 350 280 458 | 395 ©00 935 8 39.5 205 209 398 | 369 776 | 612 974 882 | 39.5 
8.5 125 96 190 | 175 | 301 289 471 | 408 617 963 8.5 40 266 210 401 371 781 olo 979 887 | 40 
4 128 | 99 | 195 180 372 298 483 | 420 | 633 992 9 40.5 207 211 403 373 78 | 620 | 985 8o1 | 40.5 
95 130 102 | 200 185 | 383 307 495 | 433 650 1016 9.5 4l 209 212 406 375 790 624 | 90 890 41 
10 133 104 205 190 393 | 316 508 | 445 666 1040 10 41.5 274. ') 283 408 378 795 | 628 | 9 901 41.5 
10.5 137 107 210 195 4 402 324 521 | 458 | 682 1060 10.5 42 272 214 41 380 800 | 631 | 1001 96 | 42 
ll 140 109 § (215 200 412 | 330 533 | 470 698 1080 11 42.5 274 216 413 382 805 | 635 | 1007 | 910 42.5 
11.5 143 1 220 204 | 421 | 338 545. | 480 | 713 1100 11.5 43 275 4!) 3 217 415 384 810 | 638 | 1012 | 915 | 43 
12 146 114 225 208 430 | 346 556 490 728 1120 12 43.5 i 2277 218 418 386 815 642 } 1018 920 43.5 
12.5 149° 116 230 212} 439 354 507 | 500 743 1139 12.5 44 "278 219 420 388 820 | 645 1023 925 “4 
=33 isl 118 234 216 | 448 362 578 | 510 757 1158 13 44.5 280 220 422 390 824 649 | 1029 929 44.5 
713.5 154 121 239 219 | = 457 369 589 520 771 1176 13.5 45 281 222 425 392 828 652 1034 934 45 
14 157 123 243 224 405 376 599 530 785 1194 14 45.5 283 223 427 394 832 656 1040 939 45.5 
“14.5 159 126 247 227 473 | 383 609 | 540 799 1212 14.5 46 284 224 429 39 837 659 1045 944 
~ 5 Io2 128 250 231 480 | 390 ols | 550 812 1230 15 46.5 f 285 225 432 399 842 663 1051 | = 948, 46.5 
15.5 lo4 130 254 234 488 | 39 027 | 559 825 1248 15.5 47 287 227 434 401 847 666 1056 953 | 
16 167 132 257 238 495 402 636 | 568 838 1266 16 47.5 289 228 437 403 851 669 1062 958 47.5 
16.5 170 134 2o1 241 503 408 645 577 851 1284 16.5 48 290 229 440 405 855 672 1067 %3 | 
17 173- 136 204 245 510 414 654 586 863 1302 17 48.5 292 230 442 407 859 676 1073 967 48.5 
17.5 175 138 268 249 517 420 663 595 875 1319 17.5 4 293 231 444 409 863 679 1078 972 49 
18 | 178 149 271 252 524 426 672 004 887 1336 18 49.5 294 232 446 41 868 683 1084 977 49.5 
18.5 180 142 275 256 530 432 681 612 899 1353 18.5 50 296 234 448 413 872 686 1089 98? 
19 1ay 144 278 259 536 438 690 620 910 1370 19 50.5 298 235 450 | 415 876 690 1095 98 50.5 
19.5 185 146 282 263 $42 444 699 628 922 | 1387 | 19.5 $1 300 236 453 | 417 880 693 1100 91 51 
20 187 148 285 266 548 449 708 636 933 | | 20 $1.5 301 237 455 419 884 697 1105 9 51.5 
205 199 150 289 270 554 455 717 643 945 | 1421 | = 52 302 238 457 421 888 700 | 1110 1000 | 52 
5 29? j . é 
| 53 
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= 400 FLOW OF WATER IN CONCRETE PIPE LINES 
| 300 Pipe lines flow full Manning's n = .013 
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: Example: A 24-in. concrete pipe flowing full discharges 8.0 cu.ft. 
L per sec. Find the friction slope for Manning’s »=.013, and the 
j average velocity. .. . Draw a straight line through Q= ’8.0 cu.ft. 
per sec. and D= 24 in. This line intersects the other two scales at 
- OS S=0.0013 and V=2.55 ft. per sec. 




















“Concrete Pipe Lines,” 








A chart constructed by Dr. F. T. Mavis, head Dept. of Civil Engineering, Penna. State College and appearing with 
the chapter “Flow of Water In Pipe Lines” by Professor J. E. Christiansen, University of California, written for 


published by the American Concrete Pipe Association, 1942. 





*Methods of constructing this type of chart are explained in detail in “The Construction of Nomographic Charts,” by 
Published by International Textbook Company, Scranton, Pa., 1939. 


F. T. Mavts. 
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FROM THIS DIAGRAM BY FACTORS BELOW 


f=010 — 122 


TO DETERMINE THE DISCHARGE FOR OTHER 
VALUES OF MULTIPLY RESULTS OBTAINED 











LOSS OF HEAD - FEET PER THOUSAND 
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HYDRAULIC POWER-LIFT CHART* 


This chart will be found convenient for solving a multitude 
of cylinder problems in connection with water plant machinery. 
It eliminates all of the longhand figuring that is usually neces- 
sary in computing the total pressure on a piston, the capacity of 
a pressure hoist, the pressure needed to achieve a given lift, 
and so on. 


Thus, for instance, if you have a cylinder that is 6 in. in diameter 
and a pressure of 100 pounds per square inch, the dotted line 
drawn across this chart connecting the 6 in column A with the 
100 in column C shows in column B that the cylinder will have 
a lifting capacity of a trifle over 2500 pounds. Thus, simply 
connect the known diameter in column A with the known pressure 
in column C and the intersection through column B gives the lift 
capacity in pounds. 


If, on the other hand, it is desired to choose a cylinder to provide 
a life capacity of 2500 pounds, knowing the pressure to be 100 
pounds per square inch, the same dotted line gives a diameter of 
6 in. Or, if the available head is only 50 pounds a line from 50 
(Col. C) through the 2500 pounds (Col. B) reveals that a piston 
of 8.5 inches is required. 


Run a straight line through any two known factors and the 
intersection with the third line gives the answer. Thus, if you 
want a capacity of 2500 pounds and you have a cylinder whose 
diameter is only 6 in. a pressure of 100 pounds per square inch 
will be needed to produce the desired capacity. If you have an 
8-in. cylinder then the pressure need ke but 55 pounds—line from 
8 in Col. A through 2500 in Col. B. 


As will be noted, the chart has a great enough range to take 
care of any ordinary requirements, the diameters ranging from 
2 to 20 in. and the pressures from 30 to 300 pounds per square 
inch. The lift capacities (Column B) range all the way from 
100 pounds to 80,000 pounds, or 40 tons. 


The graph is applicable to all of the fluids that are used in 
work of this nature—air, water, oil, etc. 


*Contributed by W. F. Schaphorst. 














WHERE THE WATER DOLLAR GOES 
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Here is an interesting and enlightening chart taken 
from the 22nd Annual Report of the Water Depart- 
ment, Springfield, Ill. 


It is based on a survey made by H. V. Pedersen, 
Water Supt., at Marshalltown, Iowa, to determine 
what percentage of water in the average consumer’s 
home goes for various uses. 


The Springfield folks have taken these pereentages 
and made them more real to the custoniér, by show- 
ing him that out of every dollar paid for: water used 
it only cost him 1 cent to wash his car, only 4 cents 
for laundry work at home, 3 cents for sprinkling in 
summer. 





F the efficiency of your present pump is 
I 74% and you are planning to install a 
new pump whose efficiency will be 85%, 
the improvement will not be merely 11%. 
There will be an improvement of 13% in 
efficiency. 

It is not uncommon for users and pros- 
pective users to subtract the efficiency of 
the old pump from that of the new one and 
call the difference the “improvement” in 
efficiency, but that is not correct. The cor- 
rect method is to subtract the two efficien- 
cies and then divide the difference by the 
efficiency of the new pump. 

Thus, for example: 

0.85 — 0.74 = 0.11 
0.11 + 0.85 = 0.13 


which verifies the figures given above. 

Let us suppose that you have a pump 
whose efficiency is only 40% and you are 
contemplating the installation of one whose 
efficiency will be 80%. The difference be- 
tween the two efficiencies is 40%, but that 
is not the correct improvement. The true 
improvement is 40% + 80% = 50%. 

Herewith is a chart that gives the true 
improvement or “power saving” without 
any longhand figuring whatever. Simply 
run a straight line through the efficiency of 
the new pump, column A, and the efficiency 
of the old pump, column B, and the power 
saving or improvement in efficiency is in- 
stantly given in column C. Thus the dotted 
line drawn across this chart shows that 
where the efficiency of the new pump is 
85% and that of the old pump is 74%, the 
true improvement which can be expected in 
power saving is 13%. 


*Contributed by W. F. Schaphorst, M. E. 
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HORSE-POWER AND ELECTRICAL DATA 


(a) 1 H.P. = 0.746 KW. = 746 watts. 


KW. input 
(b) Brake H.P. = ——— 
0.746 





g.p.m. X head in ft. 





(c) Water H.P. = 


> motor efficiency. 


(d) H.P. to lift water = 


3960 


g.p.m. X head in ft. 





3960 X pump efficiency. 





PRESSURE IN POUNDS PER SQUARE INCH. 
FOR DFFERENT HEADS OF WATER 
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Contributed by W. 





SAFE LOADINGS FOR WOODEN BEAMS 


F. Schaphorst, M.E., 



















































HE above chart will be found handy for many purposes— 

in the selection of safe beams made of ordinary woods such 
as shortleaf white pine, white oak, longleaf pine, Douglas fir, 
western hemlock, white pine, and spruce. The chart is based on 
data adopted by the American Railway Engineering Association 
for safe, uniformly loaded wooden beams of rectangular section. 
Example: It is desired to hold 200 lb. per foot on a wooden 
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beam of 2 in. by 6 in. western hemlock over a span of 5 ft. Will 
the beam be safe? 

Run a strajght line from the point in column A opposite “west- 
ern hemlock” over to the depth 6 in column C. The intersection 
with column B shows the minimum span to be 5.5 ft. The beam 
will therefore be safe as regards span. 

Then from the depth 6 in column C run a straight line through 
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the width 2 in column D and locate the intersection in column F. tor or factors. If the kind of wood and the span are known, the 
Then from that point of intersection run a straight line over to first straight line through columns A, B and C gives the mini- 
the point in column G opposite “western hemlock.” The answer mum depth of beam which must be used. If the width of beam 
is found at the intersection with column F and is 1,600 pounds. is unknown, the line through ‘the columns E, F, G is located next, 

Since it is desired to hold only 5 x 200 or 1000 Ib. on the 5 ft. and lastly the line through columns C, D, E gives the minimum 
beam, and since the beam will actually hold 1,600 Ib., it certainly width of beam in column D 









is amply safe. In fact, the chart shows that a beam made of _ The weight of the beam itself is included in the safe load given 
white pine or spruce would be safe under this load. in column F, hence the user of the chart need not worry about 
’ Inversely, the chart may be used for finding any unknown fac- that factor. 
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Contributed by W. F. Schaphorst, M.E. a 600 ‘ 

i bos accompanying chart reveals how a q 
much any ordinary I-Beam will hold 7 4 

under the very worst condition, with the r q 


1000 


load concentrated in the middle of the 
span as shown by the sketch on the chart. 
The chart, for the sake of safety, is based 


eee EE ee 
_ 
r 


on concentrated loading. + 
Let us suppose that a weight of 4,000 bk i T3 So 
lbs. must be supported. A 7-inch I-Beam, ui r vw) T 
weighing 240 Ibs., is available. It is 12 {4 f 4 a | 
feet long, and therefore weighs 20 Ibs. per +3 a ~~ +} rT) 
foot. The minimum distance between sup- { +5 — 2 
; Ba an o | +2000 W + 
ports that can be obtained for the lifting z re te 4 a . ae 
operation is 10 feet. Is the I-Beam strong < +4 ; T em | 
enough to lift the 4,000-Ib. load? a | oc = f > | 
Ww) - + er — 
a+ © ft i 
= % i) onthe 
The Answer , 7 bea 5 Eo \ x +3000 A 3 
Run a straight line through the 10-ft| © f = + 4 ot y 4 
(column A) and the 20-Ilb. (column B) +S < ] a ait \ aw & <x 
and locate the intersection in column C. ID fF J | - \ F ul) f 
Then, from that intersection in column C, S ¥ 7 © j — uJ +4000 co T 
run over to the 7-in. (column E). The Zz ig A? r. \ " £ ' 
intersection through column D shows that WJ F ATO Wy 1 me 
the I-Beam will support 7,000 Ibs. Since +9 - } \ +5000 +A 
as - , 
the load to be lifted is only 4,000 Ibs. the ig 3} \ f ae 
beam is amply strong. In fact, the reader , - 449 Se ad e.] 
can easi‘y find, by applying the chart, that q i | \E T 
a 4-inch I-Beam, all other conditions being 5s } oh 7000 x 
the same, would safely support the load c) +40 N ‘© 
of 4,000 Ibs. — Tt oO sf 
Similarly, it is easy to ascertain the T Ud +50 & \ a 
maximum allowable span when the factors > +é6o ; t 
in columns B, D and E are known. Or, T : 10, 090 
the necessary weight per foot of I-Beam P« 20 +70 j +6 
may be determined when the factors in r +80 P 
columns A, D and E are known. Lastly, q + 90 b i 
the depth of beam is determinable when L T1990 i \j 
the factors in column A, B and D are ‘ + T +7 
known. pt J ; ‘ 
For loads that are “uniformly distrib- 3 30 + - 4\ 
uted”—not concentrated—the safe loads £ a 3 
in column D may be multiplied by two. 7 f 20,000 +8 
Thus, the above described beam will sup- + 40 + 200 . & 
port a uniformly distributed load of L ; 
14,000 Ibs., or 1,400 Ibs. per running foot. r 79 
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GALLONS IN WATER SUPPLY PIPE* 


Water supply men often want to know the volume of a given 
length of ‘pipe in gallons. This writer does not know of any 
table that gives such values and where volumes are to be found 
they are usually given in cubic feet. Besides, the range of a 
table is seldom great enough to cover all desired conditions. 

This chart takes care of all standard pipe sizes from % inch 
tu 15 inches on scale A, and any length of pipe line from 0.1 foot 
to 800,000 feet on scale B. Scale C shows volumes from 1 to 
1,000 gallons. 

{[n using the chart simply run a straight line through the pipe 
ize (column A) and the length of pipe line (column B) and 

2 intersection with column C immediately gives the total number 
* gallons in the pipe or pipe line. 

Chus the dotted line drawn across this chart shows that if the 
sipe size is 24%.inches (column A) and the length of line is 400 
veet (column B) the volume of the pipe (column C), is 100 
yvallons. 

For a length of pipe which is found to hold more than 1,000 
pals. the volume is readily found for 1/10th or 1/100th of the 
aogth and the C scale reading multiplied accordingly. 

Or, if it is desired to know the length of pipe line required 
te heJd a given number of gallons, or the size of the pipe neces- 
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sary to hold a given number of gallons within certain limitations 
of length, the chart may be conveniently applied. In other words, 
knowing two factors in any two of the three columns, the 
unknown in the third column is quickly found. 


Here is another “trick”: To determine the volume of a %4-inch 
pipe one foot long, the easiest way is to run a line through the 
¥-inch, column A, and the 10,000 in column B. The intersection 
with column C says 160 gallons, but that, of course, is for a pipe 
line 10,000 ft. long. By merely pointing off four places to the 
left we have 0.016 gal, as the volume of a %-inch pipe one 
foot long. 


* Contributed by W. F. Schaphorst (M.E.), Newark, N. J. 











CAPACITY OF RECIPROCATING PUMPS 


This nomograph shows the capacity of a reciprocating pump 
operating without slip where the size and number of strokes is 
known. 

Example: 

A pump of 10-in. bore, 10-in. stroke running 100 strokes per 
minute: Locating 100 on line “A” and 10-in. on line “D” we 
draw a line between them; then locating the intersection of this 
line with line “E” and locating 10-in. on line “C” we draw a 
connecting line. Where this line crosses “B” we have the de- 
livery, or 290 G.P.M., of the reciprocating pump. 


(From “Data Handbook” of Economy Pumps, Inc.) 
€ B 
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$2 
|” CONTENTS OF CONICAL 
3 PILES* 

Se j Frequently it becomes. desirable or nec- 
= Lio 1 essary to estimate yardage in a pile of dirt, 
s i 5 2 tie sand, stone, gravel, coal, etc. 

9 T is Without any figuring whatever the ac- 

: d companying chart quickly gives the number 
4 
a t wn +6 of cubic yards in any conical pile. 
at 20 = ig For example, how many cubic yards in a 
Pas + =< +8 conical pile whose based diameter is 100 ft. 
a Tt > Ee and whose height is 10 ft.? 

a The dotted line d the ch 

; rs) | e dotted line drawn across the chart 
y +50 4 100 J shows how it is done. Run the line through 
bes > T the 100 ft. diameter, column A, and the 
u tao UV 200 4 10 ft. height, Column’C, and the intersec- 

" a Ps 1 tion with column B gives the answer as a 
wW to ve) a 4 I } little less than 1000 cubic yards. 
Ng] 
at 60 z pr P : 20 The range of the chart takes care of all 
oT Oxio00 Z diameters from 5 to 500 ft. and all. heights 
as + 70 - ae i 3 from 2 to 200 ft. However, in the event 
OT80 U- Le 2000 u +30 that diameters or heights should be greater 
+30 - . or less the same chart is still applicable. 
oe +100 uw ae 1 Thus if the diameter should be 1000 ft. 
Ww = So00 I i instead of 100 ft. and if the height should 
re I 5 vg 3 be 100 ft. instead of 10 ft., the same dotted 
Ww | 110,000 iW 50 line would solve the problem excepting 
z | oO I +e6o that the answer would be 1,000,000 cubic 
— t > tT 20,000 . yards instead of 1000 cubic yards. In that 
O 4200 +70 case the rule is this: For every cipher 

; +80 added to column A, add two ciphers to 

£ $0,000 +90 the answer in column B, and for every 

t T1980 ~—s cipher added to column C, add one cipher 

+300 100,000 1 to the answer in column B. This means 

} + that when the problem is 1000 ft. diame- 

too 200,000 I ter and 100 ft. height, three ciphers must 
§ be added to the result in column B. 
+ 500 400,000 +200  sContributed by W. F. Schaphorst, M.E. 
4A B Cc 
10 chains 5 
.80 rods 3 38 acres 
, a 
o 
LAND MEASURE 3 Se 20 
Yen 
A Quarter Section of 160 Acres Divided to 20 rods 
Show Relationship of Rods, Chains and Feet acres 
S acres & 
A rod is 16% feet. S se 
© 
A chain is 66 feet or 4 rods. “i 660 feet |” chs. © 
acres 


A mile is 320 rods, 80 chains or 5,280 ft. 


A square rod is 272% square feet. 
An acre contains 43,560 square feet. 


An acre contains 160 square rods. 


An acre is about 20834 feet square. 





20 chains 








40 acres 


80 rods 


1,320 feet 























EQUATION OF PIPES 


It is frequently desired to know what number of pipes of a given size are equal in carrying capacity 
to one pipe of a larger size. At the same velocity of flow the volume delivered by two pipes of different 
sizes is proportional to the squares of their diameters; thus one 4-inch pipe will deliver the same volume 
as four 2-inch pipes. With the same head, however, the velocity is less in the smaller pipe, and the volume 
delivered varies about as the square root of the fifth power. This table is calculated on this basis. The 
figures opposite the intersection of any two sizes is the number of the smaller-sized pipes required to eaual 
one of the larger; thus one 4-inch equals 5.7 two-inch. 








































































































Dia.| 1 2 3 4 5 6 7 * 10 12 14 | 16 18 | 20 | 24 | 30 | 36 
in. 
2 5.7 1. 
3 115.6] 2.8] 1. 
4 | 32. So) B25 >. 
5 55.9 9.9 3.6 1.7 a 
6 88.2 | 15.6 5.7 2.8 1.6 Z. 
7 #4130. 22.9 8.3 4.1 2.3 1.5 a 
8 |181. 32. 11.7 5.7 3.2 y # 1.4 - 
10 [316 55.9 | 20.3 9.9 5.7 3.6 2.4 ey 2 
11 /|401 70.9 | 25. 12.5 7.2 4.6 3.1 2.2 1.3 
12 |499. | 88.2] 32. | 15.6] 8.9] 5.7] 3.8] 2.8] 1.6] 1. 
#3 1609. |108. | 39.1] 19. | 10.9] 7.1] 4.7] 3.4] 1.9] 1.2 
14 |733. [130. | 47. | 22.9] 13.1] 8.3] 5.7] 4.1] 2.3] 1.5] 1. 
1S |787, |154. | 55.9] 27.2] 15.6] 9.9] 6.7] 4.8] 2.8] 1.7] 1.2 
16 181. 65.7 | 32. 18.3 | 11.7 7.9 5.7 3.2 2.1 1.4 as 
17 211. 76.4 | 37.2 | 21.3 | 13.5 9.2 6.6 3.8 2.4 1.6 2.2 
18 243. | 88.2] 43. | 24.6] 15.6] 10.6] 7.6] 4.3] 2.8] 1.9] 1.3] 1. 
19 278. |101. | 49.1 | 28.1] 17.8] 12.1] 8.7] 4.8] 3.2] 2.1] 1.5] 1.1 
20 316. 1115. | 55.9] 32. | 20.3] 13.8] 9.9] 5.7] 3.6] 2.4] 1.7] 1.3] 1. 
22 401. |146. | 70.9 | 40.6 | 25.7] 17.5] 12.5] 7.2] 4.6] 3.1] 2.2] 1.7] 1.3 
24 499. |181. 88.2 | 50.5 | 32. 21.8 | 15.6 8.9 §.7 3.8 2.8 2.1 1.6 ma 
30 27.2|15.6| 10.0] 6.7] 4.8] 3.6] 2.8] 1.75] 1.0 
36 24.6115.6110.6!1 7.6! 5.71 4.3] 2.761 1.6] 1.9 
—— 
B 
| DETERMINING YARDAGE ON 
t 
A Although the formula was designed for computing the 
' ie ! length of cable, etc., of various diameters, which a reel or 
drum of given dimensions will accommodate, the method is 
FORMULA:— L = (A+B) XAXCXK equally valuable for determining footage remaining on a reel 
= : or drum, for inventory purposes or other reasons. In such 
L = Length of rope " en. , ; instances the depth (A) is the depth (in inches) of rope, 
A = Depth of flange in inches. In computing capacity of cable, wire, etc., remaining on the drum or reel. 
reels ‘‘A”’ is reduced 114” to 2” to provide for a clear- ' 
ance. Example: Assume a reel having a 5 in. core (B) and a 
B = Diameter of drum in inches. width of 10 in. (C). The material is % in. in 
C = Width of drum in inches. diameter and its nye on Hy pag 2 in. (A). 
K = Constant which is given below for a given size of rope. (B+A)XAX == 
(5+2)x 2x 10 = 140 
: | a ; | — Now refer to table of factors for the “K” value 
mage eed BD Paccacine oe hacia = BD Brcacs lle ill for % in. materials, such being 4.16 .°, The 
| ; | footage is 140 X 4.16 = 582 ft. or, if % in. 
l~ 266.24 | % | .342 material 140 & 1.05 = 147 ft. 
lig 66.56 1 -262 ; ; 
340 29.76 1% .207 If it is desired to determine the length of rope, wire, rubber 
\% 16.64 14 -167 hose, copper tubing, packing, caulking yarn, etc., wound on a 
34 10.76 13% 138 drum or reel, the accompanying formula will prove very 
helpful. 
3 44 1% -116 . ; i 
4y — 15% 099 The sketch, with formula and factors, appeared in Wire 
5 2 67 134 ‘085 Rope Cat. No. 20 of the Hazard Wire Rope Div. of American 
ve 1.86 | 1% 074 Chain and Cable Co. Inc. 
V6 1.37 | 2 066 
| 
Ly 1.05 2% .058 
6 828 24% .052 
4% .672 2% .046 
44 465 | 2% | 042 














WEIGHTS AND MEASURES 
















Troy Weight Mariners’ Measure 

086 grains = | carat 20 dwts. = 1 ounce 

_ caine = | dwt. } 12 ounces = 1 pound 

= Used for weighing gold, silver, and jewels. 
Apothecaries’ Weight 

20 grains = 1 scruple 8 drams = 1 ounce 


3 scruples = 1 dram 12 ounces = 1 pound : 
The ounce and pound in this weight are the same as in 


6.08 feet = 1 fathom 

120 fathoms = 1 cable length 

8.31 cable lengths = 1 nautical mile 

6080 feet = 1 nautical mile 

1 nautical mile = 1.15 statute mile 

i knot is a speed of 1 nautical mile per hour 


Paper Measure 


Troy Weight. : . ; 24 sheets = 1 quire 2 reams = 1 bunile 
Avoirdupots Weight 20 quires = 1 ream € Riediee a ¥ bale 
ain (Troy) = 1 grain (Apoth.) = 1 grain ( Avdp.) — 3 
m. 732 grams = | dram 4 quarters = 1 cwt. Cubic Measure 
16 drams = 1 ounce = 437.5 2,000 Ibs. = 1 short ton 1 cu. cm. = .061 cu. in. 2150.42 cu. in. = 1 standard 


2,240 Ibs. = 1 long ton 27 cu. it. = I cu. yd. bushel 


ins Fe 
16 canes = | pound 1 long ton = 1 British ton 40 cu. ft. = 1 ton (shipping) 1 cu. ft. = 4/5 of a bushel 
25 pounds = 1 quarter 231 cu. in. = 1 standard gallon 1728 cu. in. = 1 cu. ft. 


128 cu. ft. = 1 cord (wood) 


Dry Measure 


2 pints = 1 quart 8 quarts = 1 peck 


Household Measure 


1 quart = 67.2 cu. in. : 4 pecks = 1 bushel 60 drops = 1 teaspoon 16 tablespoons = 1 cup 
1 British bushel = 1.032 U. S. bushel 2 teaspoons = 1 dessert spoon 2 gills = 1 cup 
Liquid Measure 3 teaspoons = 1 tablespoon 2 cups = 1 pint 


4 gills = 1 pint 1 gallon = 231 cu. in. 


METRIC EQUIVALENTS 







































16 fluid ounces = 1 pint 31% gallons = 1 barrel ‘ 
2 pints = 1 quart 2 barrels = 1 hogshead Linear Measure 
4 quarts = 1 gallon weg if 1 millimeter = 0.03937 inches 1 kilometer = 0.62137 mile 
1 British Imperial gallon = 1.200 U. S. gallons _ 1 centimeter = 0.3937 inches 1 inch = 2.54 centimeters 
1 cubic foot cf water contains 7.48 gallons and weighs 62.321 Ib. 1 decimeter = 3.937 in. — 1 foot = 3.048 decimeters 
Sa a 0.328 ft. 1 rod = 0.5029 dekameter 
: leo. a | i meter = 2937 in. = 1 yard = 0.9144 meter 
I va a -— eo 7 — =i a , 1.0936 yards 1 mile = 1.6093 kilometers 
12 inches = oot urlongs = 1 statute mile ised eel ; 
3 feet = 1 yard 5280 feet = 1 statute mile 1 dekameter = 1.9884 rods 
514 yards = 1 rod 3 miles = 1 league Square Measure 
Square Measure 1 sq. cm. = 0.1550 sq. in. 1 sq. in. = 6.452 sq. cm. 
1 circular mil = 0.7854 square mils 1 2 decimeter = 0.1076 sq. 1 pte = 9.2903 sq. deci- 
1,000,000 square mils = 1 square inch ‘ 
144 square se = 1 sq. a 30% sq. yds. = 1 sq. rod 1 sq. meter = 1.196 sq. yds. 1 sq. yard = 0.8361 sq. meter 
9c ft. = 1 sa. vard 40 sa. rods = 1 rood 1 hectare = 2.47 acres 1 sq. mile = 2.59 sq. kilo- 
sq. q- ) 1 / 
4 roods = 1 acre = 43560 sq. 640 acres = 1 sq. mile l wa kilometer = 0.386 sq. meters 
ft. miles 
Survevor’s Measure Weights 
7.92 inches = 1 link 43560 sq. ft. = 1 acre 1 dyne = .00102 grains 1 metric ton = 1.1023 short 
25 links = 1 rod 640 acres = 1 sq. mile 1 gram = 0.03527 ounces tons 
4 rods = 1 chain 1 kilogram = 2.2046 Ibs. 1 ounce = 28.35 grams = 
10 sq. chains or 160 sq. reds = 1 acre 1 metric ton = 2205 Ibs. 437.5 grains 
36 sq. miles (6 miles square) = 1 township 1 pound = 0.4536 kilograms 
WEIGHTS OF MATERIALS 
Pounds per Cubic Foot — Average 
BRICK LIME i ey poe era A 
een errr ye 100 Cdetem, Gee MUGS «0. 0 cscecaceess 53 teel, CaSt ..--- eee eee eee eee eee 
EE enka ckdaiebinnscecten sale cx' Cle Re on 73 ag an tte eee eeeeeeteeeeeees = 
CEMENT LIME STONE rt Br ee ree eer 438 
SE cist bis cw tebikonqeathaw nuns 94 A ro see ake Damcehewen 168 oOILs 
SEE aio ois) adie ex anelx wee 60 ee Ae eee ee 96 ee 5 Jenn gre, Ct ed 55 
COAL AND COKE MASONRY Wa 5 sic Stic ca cipal Sekstcne aoe 48 
: : : mmiee ; i ee ee ree ert 55 
Anthracite iietturtrnegecwoessesee OP ae Granite or limestone................ 165 Gasoline 43 
Ce I LE oe 49 Dame WHIID oni voc essacsccuccdes ith GeecEE eo veal oo we. sen . 
SNE. ve kpess xy shaneen sve geo xes 18 NE sk een ands Athos oxukwekiin 138 SAND 
ee ere fora th, nba. Be 26 Sandstone, dressed ................ 144 Dry eh Sade ee ee TY 100 
CONCRETE er ene See Gos. ee 110 
METALS Wet and packed .................. 130 
COMME, GR oss: ca vbsnceesvveiees . a tomers oP 166 Gravel, packed ...............0.005 118 
RUNES, COMPEE .2. ose seve wenctvsies 119 INN yo 8 co. cpokns vbr keuves See 4 SRS oe 111 
ha iy Dh 2 a re 534 Pee om at Ce 74 
EARTH RN ec usc eada suse basins Sy 
Lan Oi la es cere 76 Copper, rolled or wire............. 555 WATER 
RE Biv ciddssnvawensnets 95 En ee tere 450 errr 59 
Loam, soft, loose mud............. 108 ee er ee. 482 a og Erase een 62 
vy Peer 125 Pe NIE oo Soka Sats haloes 708 . st gt Sree». 60 
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ROOTS AND POWERS OF NUMBERS* 
A Chart Which Saves Many Tables 


Take any slide rule and 
lay it end to end nine 
times, and each time lay 
off the principal dividing 
lines, you will have a chart 
exactly like this one ex- 
cept that it will be much 
longer and therefore it will 
be much more accurate. 
That is what I did in pre- 
paring this chart. Then I 
reduced) it to this much 
smaller size. To keep 
track of the digits you 
simply read the numbers 
exactly as they stand on 
the chart. No juggling of 
figures is necessary. I do 
not know of any other 
other method that is as 
simple as this. All other 
methods require “juggling 
of digits,” as they say. 

For example, what is 
the 5th root of 100,000? 
Measure the distance A 
from 1 to 100,000 as indi- 
cated on the chart. The 
distance B must then be 
exactly 1/5th of the dis- 
tance A and there is your 
answer, namely, 10. In 
other words, divide the 
distance A by the root 
and the quotient shows you 
the distance to measure 
from 1 to find the answer. 
Always measure from “1” 
in either direction. “One” 
is always the starting 
point. To extract the 
square, cube, or other root 
of fractions is usually 
more complex than ex- 
tracting roots of whole 
numbers. However, with 
this chart one is just as 
easy as the other. 

For example, what is 
the cube root of .008? 
Measure the distance C 
from .008 to the starting 
point “1” and divide it by 
3 and you get the distance 
D which tells us that the 
answer is 0.2. 

A method that is as 
easy as any to find a third, 
fourth, fifth, etc., of any 
distance, is to use a pair 
of dividers. Adjust the 
dividers until you get the 
distance D exactly 4% of 
the distance C and the 
chart gives the answer 
without any mathematical 
calculations whatever. 
With this chart you can 
determine the 3.127 power 
for instance—any power 
in fact. And you can ex- 
tract the 4.37 root or any 
other root, all without 
mathematical jugglery. 





*From an article by W. 
E. Schaphorst, M. E., New- 
ark, N. J., in Water 
WorKs & SEWERAGE, Janu- 
ary, 1939. 
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P14 2y+4<pdmelined Diagonal Pipe Runs 
Calculating Pipe Lengths 
By CHARLES FRICK 


Water works men, .may find the following formulas interest. 
ing and helpful in figuring lengths of pipe and tie rods on in- 
clined diagonal runs. 

The formulas are also useful in finding the approximate angle 
of fitting, theta (©), required (when bell and spigot pipe and 
fittings are used) when the dimensions in three. planes have 
been decided upon. tele “7 

_The evolution of the formulas (see illustration ) are also 
given in case the principle of revolution to a vertical'plane may 
have further advantages in similar problems. MRTG 

The subtraction of the center to end of spigot and ‘center to 
back of bell taken from D gives the true length of pipe re- 
quired, 


Sketch Explanatory of Formulas for Lengths of Pipe for Diagonal 
Runs and Angle of Fittings = wine 


A.—-When measurements in three planes are known, then 





D= VA°+B°+C Formula I 
V A*+ B? 
L (6)-*" = _— Formula II /:* 4 


Example: Let A= 5'6’, B=3'O’,. C=. 14'0" 
Find (©) and length of pipe required on 8” line. 
D= V (5.5)? + (3)? + (14.75)? 

= V 30.25 + 9 + 217.56 = 16.025’ say 16’0” 
V (5.5)? + (3)? V30.25+4+9 














x: (0) -tan = 
. 14.75 14.75 
V 39.25 6.265 
= = — = 0.42474 





14.75 14.75 


L (6) = 23° + and a one-sixteenth curve may be used. 
Length of pipe = D — (C to E of S.+ C to B of B.) 
= 16'0”-— (2'1"+) = 13’11"— 


B.—When measurements in two planes are known and angle 
f fitting (@) decided upon, then 
D= V A*+ B’ x Csce (0) Formula III 
C = VA’*+ B* x Cot (0) Formula IV 
Example: Let A = 8’0”, B = 9'6”, (6) = 45° 
Find—C and length of pipe required on 12” line. 

I= V (8)? + (9.5)? & Cse 45° 
= V 64+ 90.25 x 1.4142 
= 17.56’ = 17'634” 
Length of pipe = D — (C to E of S. + 
= 17'63%4” — (2'1%") = 15 
V (8)? + (9.5)? x Cot 45° 
V 64 = 90.25 x 1 


C to B of B.) 
"47K" 


C= 





= 12.42 x 1 = 12.42’ = 12'5” 


—— 








Sketch Explanatory of Formulas for Lengths of Pipe 
for Diagonal Runs and Angle of Fittings 





























AREAS OF CIRCLES—SQUARES—SQUARE ROOTS — 








No. 
. D 
Frac- Dec- i 
tion imal N’ 
1/16 .0625 .0039 
y%z 125 0156 
3/16 .1875 .0352 
Y4i25 0625 
5/16 3125 0977 
% .375  .1406 
7/16 4375 .1914 
¥y, 50  .2500 
9/16 5625 .3164 
5% 625  .3906 
1/16 6875 .4727 
¥%, 75 5625 
3/16 .8125 .6602 
% 875  .7656 
5/16 .9375 .8789 
og 1.000 
1% 1125 1.266 
141.25 1.563 
1% 1.375 1.891 
1441.50 2.250 
154 1.625 2.641 
141.75 3.063 
1% 1.875 3.516 
3 4.000 
2% 2.125 4.516 
2% 2.25 5.063 
2% 2.375 5.641 
21% 2.50 6.250 
25% 2.625 6.891 
2% 2.75 7.563 
2% 2.875 8.266 
. s 9.000 
3% 3.125 9.766 
3% 3.25 10.56 
3% 3.375 11.39 
31% 3.50 12.25 
35% 3.625 13.14 
33% 3.75 14.06 
37% 3.875 15.02 
4 4. 16.00 
4% 4.125 17.02 
4144.25 18.06 
43% 4.375 19.14 
4% 4.50 20.25 
45% 4.625 21.39 
43%, 4.73 22.56 
47% 4.875 23.77 
5 5.00 25.00 
51% 5.25 27.56 
15% 5.50 30.25 
534 5.75 33.06 
6 6. 36.00 
64 6.25 39.06 
6% 6.50 42.25 
634 6.75 45.56 
7 7. 49.00 
7%47.25 52.56 
7427.50 56.25 
73% 7.75 60.06 
8 8.00 64.00 
81% 8.25 68.06 
814 8.50 72.25 
834 8.75 76.56 
9 9.00 81.00 
9149.25 85.56 
9149.50 90.25 


95.06 


(Also Fractions to Decimal Equivalent.) 

















Circle Z Area Circle Area Circle Area Circle 

(N= No. = = No. ao (N= No. (N= 
VN Diam) N N? VN _ Diam) | N N* _VN_ Diam.) | N N?_ VN __ Diam.) 
2500 . .0031 | 10 100 3.162 78.54 | 76 5776 8718 45365 | 142 20164 11.92 15837 
3936 .0125:) 11 121 KK) 95.03 77 5929 8.775 4656.6 | 143 20449 11.96 16061 
4330 .0276| 12 144 3.464 133.1 78 6084 8.832 4778.4 | 144 20736 12.00 16286 
5000 .0491) 13 169 3.606 132.7 79 6241 8.888 4901.7 | 145 21025 12.04 16583 
5590 0767 14 196 3.742 153.9 80 6400 8.944 5026.5 | 146 21316 12.08 16742 
6124 .1105] 15 225 3.873 176.7 81 6561 9.000 5153.0 | 147 21609 12.12 16972 
6614 .1503] 16 256 4.000 201.1 82 6724 9.055 5281.0 | 148 21904 12.17 17203 
7071 .1964 17 289 4.123 227.0 83 6889 9.110 5410.6 | 149 22201 12.22 17437 
7500 .2485!] 18 324 4.243 254.5 84 7056 39.165 5541.8 | 150 22500 12.25 17671 
:7906 .3068} 19 361 4.359 283.5 85 7225 =9.220 5674.5 | 151 22801 12.29 17908 
8297 .3712| 20 400 4472 3142 86 7396 9.274 58088 | 152 23104 12.33 18146 
8660 .4418] 21 441 4.583 346.4 87 7569 = 9.327 5944.7 | 153 23409 12.37 18385 
9014 5185} 22 484 4690 380.1 88 7744 9.381 6082.1 | 154 23716 12.41 18627 
9354 .6013| 23 529 4.796 415.5 89 7921 9.434 6221.1 | 155 24025 1245 18869 
.9683 6903 24 576 4.899 452.4 90 8100. 9.487 6361.7 | 156 24336 12.49 19113 
1,000 .7854| 25 625 5.000 490.9 91 8281 9.539 6503.9 | 157 24649 1253 19359 
1.061 .9940] 26 676 «5.099 = 5530.9 92 8464 9.592 66476 | 158 24964 1257 19607 
1335 Tze Tt 27 729 5.196 572.6 93 8649 9.644 67929 | 159 25281 12.61 19856 
1.175 1.485 | 28 784 «5.292 «615.8 94 8836 9.695 6939.8 | 160 25600 12.65 20106 
1.225 1.767 | 29 841 5.385 660.5 95 9025 9.747 7088.2 | 161 25921 1269 20358 
1.275 2.074 | 30 900 5.477 706.9 96 9216 9.798 | 7238.2 | 162 26244 12.73 20613 
1.323 2.405 | 31 961 5.568 754.8 97 9409 9.849 7389.8 | 163 26569 12.77 20867 
1.369 2.761 | 32 1024 5.657 804.2 98 9604 9.900 7543.0 | 164 26896 1281 21124 
1.414 3,142 | 33 1089 5.745 855.3 99 9801 9.950 7697.7. | 165 27225 12.85 21382 
1.458 3,547 | 34 1156 5.83] 907.9 100 10000 10.00 7854.0 | 166 27556 12.88 21642 
1.500: 3.976 | 35 1225 5.916 962.1 | 101 10201 10.05 8011.9 | 167 27889. 12.92 21904 
1.541 4.430 | 36 1296 6000 1017.9 | 102 10404 10.10 8171.3 | 168 28224 12.96 22168 
1.581. 4.909 | 37 1369 6.083 1075.2 | 103 10609 10.15 8332.3 | 169 28561°.13.00 22432 
1.620 5.412 | 38 1444 6.164 1134.1 104. 10816 10.20 8494.9 | 170 28900 13.04 22698 
1.658 5.940 | 39 1521 6245 1194.6 105 11025 10.25 8659.0 | 171 29241 13.08 22966 
1.696 6.492 | 40 1600 6.325 1256.7 106 11236 10.30 8824.7 |'172 °° 29584 13.11 23235 
1.732- 7.069 | 41 1681 6403 13203 107 11449 10.34 8992.0 | 173 29929 13.15 23506 
1.768 7.670 | 42 1764 6.481 1385.4 108 11664 10.39 9160.9 | 174 30276 13.19 23779 
1.803 8.296 | 43 1849 6557 1452.2 | 109 11881 10.44 9331.3 | 175 30625 13.23 24053 
1.837 8.946 | 44 1936 6633 15205 | 110 12100 10.49 9503.3 | 176 30976 13.27 24328 
1.871. 9.621 | 45 2025 6708 15904 | 111 12321 10.54 9676.9 | 177 31329 13.30 24606 
1.904 10.32 | 46 2116 6782 1661.9 | 112 12544 10.58 98520 | 178 31684 13.34 24885 
1.937 11.04 | 47 2209 6856 1734.9 | 113 12769 10.63 10029 | 179 32041 13.38 25165 
1.969 11.79 48 2304 6.928 1809.6 | 114 12996 10.68 10207 180 32400 13.42 25447 
2.000 12.57 49 2401 7,000 1885.7 | 115 13225 10.72 10387 | 181 32761 13.45 25730 
2.031 13.36 | 50 2500 7071 1936.5 | 116 13456 10.77 10568 | 182 33124 1349 26016 
2.062 14.19 51 2601 7141 20428 | 117 13689 1082 10751 | 183 33489 13.53 26302 
2.092 15.03 | 52 2704 7211 2123.7 | 118 13924 1086 10936 | 184 33856 13.56 26590 
2.121 15.90 53 2809 7.280 2206.2 119 14161 10.91 11122 185 34225 13.60 26880 
2:151 16.80 54 2916 7.349 2290.2 120 14400 10.95 11310 186 34596 13.64 27172 
2.180 17.72 55 3025 7416 23758 | 121 14641 11.00 11499 | 187 34969 13.67- 27 165 
2.208 18.67 56 3136 7.483 2463.0 | 122 14884 11.05 11690 | 188 35344 13.71 2 59 
2.236 19.64 57 3249S 7'500)«- 2551.8 | 123 15129 11.09 11882 | 189 35721 13.75 ° 455 
2.291 21.65 58 = 3364S 7616 «= 2642.1. | 124 «15376 11.14 12076 | 190 36100 13.78 28353 
2.345 23.76 59 = 3481.-«- 7681 2734.0 | 125 15625 11.18 12272 | 191 36481 13.82 28652 
2.398 25.97 60 3600 7.746 2827.4 | 126 15876 11.23 12469 | 192 36864 13.86 28953 
2.450 28.27 61 3721 7810 29225 | 127 16129 11.27 12668 | 193 37249 13.89 29255 
2.500 30.68 62 3844 7.974 3019.1 | 128 16384 11.31 12868 | 194 37636 13.93 29559 
2.550 33.18 63 3969 70937 31172 | 129 16641 11.36 13070 | 195 38025 13.96 29865 
2.598. 35.78 64 4096 g000 3217.0 | 130 16900 11.40 13273 196 38416 14.00 30172 
2.646 38.48 65 4225 g062 33183 | 131 17161 11.45 13478 | 197 38809 14.04 30481 
2.693 41.28 66 4356 9124 3421.2 | 132 17424 11.49 13685 | 198 39204 14.07 30791 
2.739 44.18 67 4489 gigs 3525.7 | 133 17689 11.53 13893 | 199 39601 14.11 31103 
2.784 47.17 68 4624 9246 3631.7 | 134 17956 11.58 14103 | 200 40000 14.14 31416 
2.828 50.27 69 4761 9307 3739.3 | 135 18225 1162 14314 |... ..... Sus sla 
2.872 53.46 Te —: =< 8) Se Bi? oe ae eee: 
2.916 56.75 7t 0 5088 eee SS A SD SE CO a i le ELAR 
2.958 60.13 72 5184 8.485 4071.5 138 19044 11.75 DR ee a She. 7 ew Dae 
3.000 63.62 aa: wet ee Oo a ee ee es ee ene ate 
ee he 74 = 5476 3=— 8.602 4300.8 a —_ 11.83 ETE Won: 'avinis” bncalerl = «eee 
3.082 70. 7 1 1 11.87 15615 
3.123 74.66. | 7° 5625 S600 44179 *” 
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Data Section 155 Phipps & Bird, INC.....cccssccccccssess 131 
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Aluminum Company of America 6 Pitometer Company, The............ 37-134 
American Brass Company, The........ 7 Pittsburgh-Des Moines Steel 2 er 
American Cast Iron Pipe Co............ 120 oe y ey SEE SS nee ee 132, Data Section 84 
American Norit Company, Inc.......... g Havens and Emerson............+++++: 134 pittsburgh Equitable Meter Co..4-5-244AB 
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PR AE PERS A OES» 135, Data Section 107 Ranney Water Collector Corp........... 19 
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ES 268D, Data Section Facing Page 1 Rensselaer Valve Co. .................. 29 
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2 V ) Se eee | a er SG Cag fw GE FAL ata Section 239 
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oT RO) Se er 13 
Buck, SS Ee | ee eee 134 Jeffrey Manufacturing C ete wen ss tteses SE peesberensenexcnannnte = 
Builders-Providence, Inc.........-..000+ gg ENE State tt eee tee eees Data Section 182-183 
pear cibis sa aiceeinan aia 21, Data Section 34-35 Johns-Manville ..........++-.sseseesees | > 
Burns & McDonald Engr. Co........... 134 ---10-11-39-117, Data Section 70-71-72-73  gaiomon & Bro., L. A...seecceeeecceeeee 8 
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c mplex Valve mer SESS OY 
as so Date Seeil 132 Pee, Be. TRF cc vccccnccceyices 134 EE re * pate Section er? 
é ) Gicnvserpesdiva ata Secti y a ee ee Mie 
Carborundum Company, The......... wen 34 Smith Company, S. Morgan........... 18 
Carter Company, Ralph'B..Data Section 191 L Sees Pee, Ce, DOW Be. Pics rc ccevaccee 35 
Cast Iron Pipe Research Assn., The...268C : ’ - Solvay Sales Corporation.............. 119 
Geenent Lined Pine Ge 130 Lakeside Engineering Corporation..... Sparmeg. B. W...<..: 133, Data Section 45 
Central Sounder 4 i  aphapmam lla Ssh 119 ans een es te eine ate 114, Data Section 205 Standard Dry Wall Products, ae. 132 
a on ee lig ancaster Research Laboratories...... 134 Standard Silicate Division............. Ri 
Champion Cor vee ss at lili ace 115 ee oe rr, os vceev ews ped en 126 Stanley Engineering Company......... 
Chapman Valve Manufacturing Co... ” ane ee BN. WME s ds viacleweinns pease 7 Stewart, We oer a wadoe ata Section in 
ema a seitz, oe reamline e ngs Division 
Chissiet Hnginoors, "Thess. es eeetsc ee FAME Bel Company ow e--eeeee eres. ee... menrieiyye egg te Data Section 131 
‘ a Py . . eee ae a TF wcccncestccses stuar rum 
( nicago avinge & Iron pay SR me Ludlow Valve Mfg. Co., Inc., The...... 20 ey Corp. ata Section 142 
Chicago Pump (¢ ‘ompany Siete dea adoee 9 T 
pe wiesiataciining Ot Data Section 232 M gate Wie SAAR, TG vikiccccviesadaves 129 
petiorearconmmamnceny cligaeets Rpata ‘Section 7 M & H Valve and Fittings Company.. Tennessee Corporation 7.0000020020000, 
Connelly Iron Sponge & Governor Co,. 186 ,.*rrttasttsees: oe 8:0 8 0 130, Data Section lll 130, Data Section 196 
Mabbs Hydraulic Packing Co........... 138 whomson Meter C i alatemiaeae 
. F » Thomson Meter Company.............. 42 
Mathews Fiydrants .....ccccccsccescccs 25 Treasury Department 28 
D Mathieson Alkali Works, Inc., The..... 3 Pn Faber ann eine ries 
sl Mar Lae Misteall Be GGY «..cccccvcccccccccccess 134 U 
Ss pal ‘ goog WC 4? *iptebbapberns = weer ed oe Co.. G , Data Section 131 
“FT eee ES Se ee 
ey Alkali een : cnibiadiiinn 15 anemia . - U.'S. Pipe & Foundry Co... -~ es 
orr Company, Inc., The...... Third Cover go mp "Ve li ceeseeeees-260AB, Data Section y 
Dow Chemical Company, The.......... N ee ane ee 
tte tet eeeeeeens yo csccccens Data Section ty National Lime Association............. 120 Vv 
eee 11 National Machine Works............... 7 
National Technical Laboratories...... 2764 Vapor Recovery Systems Co........... 
E National Water Main Cleaning Co...... thet atest seseeseces 128, Data Section 227 
wc gape aga ia 127, Data Section 75 Virginia Ne ae 
Beonomy Pumps, Inc... ....0.06000cesse. 113. Neptune Meter Co. ..........+-+seseeee B .. FR LN Cnr nese nnnnnnes ” 
Eds6n Corporation, SSI See 20 183 eS OE eee ee 
Electro Rust-Proofing Co... || Niagara Alkali Company............. sseah WwW 
Se eee 120 Nichols E 
ae Teens © Beer ee. .. Wallace & Tiernan Co., Ine... =. al 
nde Sa ah Naat depo nh pak 22, 7 -.++.+-.Back Cover, Data Section 168-215 
F Northrup & Company, INC... . ++. ++ seis Warren Foundry & Pipe Corp.......... 133 
Ferguson, S. F. 122 Leet seattersecsesseeseneres Data Section 108 water Leak Detector Co. 135 
Flexible Sewer Rod Equipment Co...” Nussbaumer & Clarke, Inc............. 134 Weston, L A 53) TARAS tes 132 
Pica wakidin dba ckcient 114, Data Section 76 eston an MPBON ...eeeeeeeeeeeeee 1B 
Flexible Underground Pipe-Cleaning 8) 7 ont ee sees ser eeeeeeee i* 
ES, RE AS RT nnd Data Section 76 rhitman, Requar mith.......+.-. 
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= a 








INDEX TO REFERENCE AND DATA READING PAGES 
CAN BE FOUND AT BEGINNING OF DATA SECTION 
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Some Profer ved Biofiliration Howsheels 
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TWO STAGE A 





TWO STAGE B 


Some Typical Operating Yalta 


Two Stage—A Two Stage—B 


— 100 64 
Flow—Percent Design 62 
Overflow Rates—Gals/Saq. ft./Day “is oe aii 
Primary Clarifier pe a +e 
Secondary Clarifier 
R lations _— ei 
ane Ratio = bien aed 
Secondary Ratio 
So “- 221 279 
aw— 
Lea at 959° 89.1 93.2 
Removal—Percent 
waa PP.M 258 = = 
aw — 
Final—P.P.M p. “— dl . 
a 3 mos. 8 mos. 2'; weeks 


h compared with two stage account 
of relatively lower clorifier overflow rotes. 





BIOFILTRATION — WHAT IT IS AND DOES 


The Biofiltration System comprises one or, 
more combinations of Clarifiers and Filters 
wherein the unthickened filter discharge is 
recycled back to the Clarifiers. Single or 
two stage systems may be employed to give 
results comparable with (1) Standard Trick- 
ling Filters (2) Chemical Precipitation or (3) 


_... D.O.R. 


ADDRESS ALL INQUIRIES TO OuR 


Activated Sludge. © © The Biofiltration 
System (a) gives a uniform effluent with 
fluctuating feeds (b) permits filter loadings 
up to 10 times normal with 3 foot media 
depths and (c) costs 25-50 percent less to 
operate than Standard Trickling Filters or 
the Activated Sludge Process. 


SOME BIOFILTRATION FACTS 


* First, the Defense, now the 


War Effort have brought broad 
recognition to the Biofiltration 
System, an improved method 
of trickling filter treatment an- 


nounced late in 1939, 


More than 100 units are in use 
or under construction in 33 of 
the 48 states. Most of these 
are on the War Front, at army 
camps, naval bases, airfields 
and ordnance plants. Design 
populations range from 200 
to 65,000. 


The three flowsheets on this 
page have emerged as the best 
from among the dozen or more 
investigated or tested. Almost 
half the installations to date 
are of these three types. 


® Write for a copy of our bul- 
letin on “The Biofiltration Sys- 
tem’—24 page illustrated book- 
let containing photos, layouts, 
cost and operating data and 


practical design information. 
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W&T Chlorination Trailer sterilizes a water main 
extension at Waterbury, Conn. 


A dependable gasoline motor provides power for 
solution feed against main pressures as high as 
125 Ib. per sq. in. 


The unit is quickly moved to the scene of action by 


@ passenger car or commercial vehicle. 














W81 LVocacZlon TRAILER | 


The W&T Chlorination Trailer is spe- 
cifically fitted to cope with sudden war 
emergencies, yet its ready usefulness 
for daily needs keeps it on the go in 
any event. Foresighted communities 
that have purchased this unit are find- 
ing that it “pays its way” for sterilizing 
mains, for treating secondary reser- 
voirs or temporary supplies, and for 
many other chlorination needs away 
from the plant . . . needs which may 
arise in peace or in war. The com- 
munity is more fuily protected in case 
of floods, droughts and other natural 
emergencies, as well as from wartime 
dangers. 

Built to take hard service day after 
day, this W&T equipment can be kept 


busy without lowering its ability to 
meet a crisis if need be. And after the 
war, it will still justify itself with many 
years of useful peacetime perform- 
ance. The unit is complete with tools, 
connecting cocks and hose, and pro- 
vides self-powered solution feed of 
chlorine from: two 150 Ib. cylinders 
cradled within it. Chicrine cen Jc ap- 
plied over a wide range of application 
rates up to 300 Ib. per day. 

Wallace & Tiernan Representatives 
will be glad to give you complete de- 
tails on the W&T Chlorination Trailer, 
on the new W&T Portable Chlorinator, 
and other units which fit into the over- 
all picture of wartime water protec- 
tion, or write for Technical Bulletins. 
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